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PREFACE. 



The conviction tiiat an dementaiy knowledge of some 
important instruments^ machines and physical phenomena 
can and should be given in our Common Schools, has in^ 
duced the author to prepare the jmsent little volume. Its 
object is the presentation of a number of phenomena, laws, 
and applications of the same, specially adapted to the per* 
ceptive capacities of the pupils of the upper grades. 

Inasmuch as the demand of a large amount of time mi^t 
dday the introducti<m of physical science into the Conunon 
School, the book has been so prepared as to secure good 
results in the minimum of time ever given any study in our 
schools, viz. : one lesson a week. 

Each of the thirty-nine lessons commences with a &ct 
fiuniliar to the child, or an easy litde experiment, which 
serves as the basis for the devdopment of a natural law. 
After this law,comes the application man makes of it — such 
as the barometer, thermometer, pump and hydrostatic press. 

Costly apparatus is unnecessary. A pencil , a marble ^ a 
piece of board, of India-rubber, of wire ; glass tubes, and 
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other objects of trifling expense, are sufficient, for our pur- 
poses even preferable. The steam engine and other com* 
plicated machines should be examined when in actual use 
at the workshop or other places, by the class in company 
with the teacher, but not until after the preparatory lesson 
in the school-room. 

^ like aU utttructkHi, instruction in pbysics should prooied 
in concentric circles from the near to the remote. The 
piescnt volume may be considered as the first and smallest 
of those circles. Its usefidne^s in the highest gradeof our 
Common Schools has been shown by pfacticale]q>erience; 
the author has written it, however, with a view of intro- 
ducing it into ibe second, and even into the third. 

At the end of every lesson, articles in books and popular 
magaanes are pointed out, where the pupil may find inter- 
esting reading matter; and where, while thus improving hia 
kisttre time, he may collect material for composition exer* 
cises in schooL 

Explanations regarding the practical working and cxpcA" 

ments win be given in the IhicAa^s Gmde^ to be puUished 

si m u lt a ne ously with the present vdume. 

C. L. HOTZE. 

OuRraLiJmb On Apcftt, wn. 



Preface to the Third Edition. 



The hearty welcome given to the first edition of this work undoubt- 
edly had its reason in the long*ielt want of a text-book suitable for the 
tiionsands of girls and bojrs whose school education ends in the com- 
mon schooL Among the many things there learned, there are few 
things which they remember to greater advantage than the phenomena 
and daily applications of the laws of gravitation/ the pressure of air, the 
lever, the pump, the steam-engine, and the telegraph. These realities 
train the observing powers, instill a love for knowledge, form a preven- 
tive against habits of superficial reasoning, and thus tend to diminish 
explosions, conflagrations, and other calamities, numy of which are 
caused by persons ignorant of the powers of nature. The merchant 
the laborer, or the mannfimturer will do his Work the better for having 
had his senses tndned in observing nature's operations, and his mind 
disciplined by scientific thought It may safely be stated that this view 
is held by most educators in this country, and that the time is &st 
i^yproadung when physical science will no loiter be a stranger in our 
oonunon schools. 

And yet there are a few followers of the crammhig-sjrstem, who 
would deny the right of nature to a share in the education of the young; 
who would not teach about the things themselves, but merely their names 
tnd forms. These persons consider objective instruction in the lower 
grades of schools as sunply a transient concession to ephemeral de^ 
mands, although, during the last two centuries, such men as Cowley, 
Milton, Locke, Rousseau, Pestalozzi, Whewell, and Macaulay have 
advocated it In the upper grades they refuse it admission altogether, 
notwithstanding its introduction there is urgently pressed by the sdentifie 
men of all countries, by the entire periodical press, and the most prom<> 
inent educators of the world. 

These few opponents to progress in education are joined by a still 
smaller dass of persons who are not adverse to the introduction of 
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physical sdenoe mto die sdim^ but wbo fetr, lest die appropriation o£ 
time— one lesson a week! — might diminish the habitual number of arith- 
metical examples, geographical names, and grammatical rules, and diere- 
by vitiate the results of the annual examinations. So some people en- 
tertain a groundless prejudice against the acqtd^tion of a foreign 
language, on the plea that the child's Eng^h might suffer. Huxley, 
in hb "Answers to Certain Questions by the Schools Inquiry Commis- 
skm," says : *' Physics he at the foundation of all science ; and if nothing 
0Ui were taught, it would be a great gain to have the youth of this 
country soundly instructed in the laws of the elementary forces— gravi- 
tation, heat, Ught, and<so forth." An English Journal, « Nature," says s 
*' The notion, that when a child has learned to read, write, and cipher, 
he is educated, must be eradi^-ated. These are at best but means, and are 
only the instruments by which education is conducted,** An editorial in 
the "Scientific American" (January 14, 1871), ends with the following 
significant wcMrds s ** As object teaching is a mere handmaid ofscience~^ 
is of use only to give scientific habits of •thought, and to convey a hnow* 
tedge of scientific facts, and is worthless without science, the public should 
see that its introduction into our schools be carried on under the advice 
of scientific experts^ who shall direct what is best to be taught, and 
advise with the adepts in teaching how such knowledge may best be 
ia^Nuted. As a journal having the interests of science and education at 
heart, desiring to see science soundly popularized, and the masses made 
acquainted with its technical value, we make this suggestion, and fiirther- 
more ask : Is there any man of scientific attainments in the present 
Board of Edncation? Is there any scientific authority upon its general 
ataff?" 

Physical sdenoe was introdnoed into the B and C grammar classes of 
tins city last September; the pupils have now been using First Lessons 
in Physics for several numths, and none of their other studies have been 
curtailed, yet the average of the monthly examinations does not sufifer 
pn that account, and, in the opinion of our teachers, it never wilL A 
peculiar feature connected with the use of this book— one which we trust 
will not be brought forward as an objection — is, that the children ask a 
great many questions more or less to the point ; and that they find no 
rest until they have received a satis&ctory answer, either firom the 
teacher's experiments or their own. The &ct is truly surprising, that 
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the pvpQaoi tbe C g;ride(sixth sdiod-y€ar)pMsed a vnyfior 

tion a few days ago^ on questions at the end of the book wfaidi woe not 

found too easy for the C grade of the Hi^-schocd (the tenth idiool* 

year). This shows what earnestness may aooomplish; and we bate IniI 

begun 

It may be wdl to state that the moflem tfchniral sense of a wofd 
sometimes conflicts with its preconcetred En^h meaning, or use; and 
as a bode of this kind demands language both yottthM and »<T'*"V'ft1| 
the aothor may be excnsed fcv having ^ven a slightly difBerent dress to 
not a few of the laws. He has omitted several of the so-called *'pro- 
perties " of matter which are very puzzling to the young; and* for the 
sake of simplicity, has treated the somewhat magic "impenetrability " of 
air as elasticity of air. The independent terms. Force, Motion, and 
Heat, are better understood by young pupils than Expansive Foroa^ 
Moving Force^ and so forth. The text in fine print, as virell as pages 
83, S4 and lao^ must be omitted in a lesson of less than an hour's length* 
The deve l o p ment of the steam-en^e will find fevor from those iqiprf* 
ciating the historical dement in the sdiooL While ikt lessons in Optiot 
may daim spedal deamess in treatment, those in Chemical Ekckridty, 
befaig very difficult for young learners, will need foibearanoe . A two* 
fluid dement was diosen, because it may be seen in actual use at tht 
tdegraph office. The questions in fine print serve for reviews and ei* 
aminations, but not as equivalents finr experiments. 

Even a brief perusal of the volume vrill show the author's intention 

not to cram the pupil with meaningless fiicts, to be forgotten as nqpidly 

as diey are learned. As no special scientific qualification has been re> 

quired of the teadier who, to-morrow, may be called upon to impart 

identific instruction to her dass, a text*book in the hand of the pupil 

seems for the present a necessity. I earnestly hope that my feeble con* 

tribution to so great a cause may not be judged by its shortoomingp 

alone, and; that the day may soon come when jAysical sdence diaU form 

a regular branch of study in the common sdiooL 

CL. H. 
Clkvxland* 0.9 December i» 1871. 
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LESSON I. 



OBAVITT. 



1. ExpvBiHBirr. — A stone in onr hand does 
not fall, liecaiise tbe haod snpports it. But if 
the band ia witttdrawn, the stone falls, and con- 
tinues to fall, nudl prevented from falling far- 
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•*: -Dses kq! afio^ec obstacle, such as the floor or the 
• ••• •• «•* • ••• < • •••••f*«* 

gronnd* 

FamUiar Facts. — Chalk, pencils, pai>er, pens, 
and India-rubber, often fall from the desk upon 
the floor. A stone thrown into a pond sinks to the 
bottom ; a sign-board blown off by the storm falls 
ui>on the side-walk; rain, snow, and hailstones, 
descend to us from the clouds ; and large bodies 
of water, when precipitated from high rocks, form 
waterfalls. A cat may fall from a house-top ; a 
careless child tumbles down stairs ; coals fall 
through the grate ; meal falls through the sieTey 
and soot through the air. Branches of fruit-trees, 
himging fall with fruit, break off and fall to the 
ground ; the lily, whose stem is broken, droops 
its head ; the mighty oak in the Western forests, 
groaning uiider the blows of the settler's ax, falls 
with a crash to the ground. Heavy rods are at- 
tached to maps and curtains, to draw them down« 
Clocks are provided with weights, which move 
slowly in a downward direction; the heavy 
anchors of vessels plunge into the depths of the 
ocean. 

Having noticed these facts, you naturally in- 
quire, ^^ Why is it that all bodies near the earth 
have a tendency to approach the earth f As 
every State and every town has its laws, so 
Nature has her laws, which all bodies must obey. 
All the facts given above may be comprised under 
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the law: All hodies faUy if unsupported; they 
are attracted to the earth. The force which 
attracts them is called the Force of Oravity} 



2. 



BBiMSNT. — This stone is 



not supported by my hand (Fig. 1). 
It is merely suspended. What pre- 
vents it from falling ! The string. 
When yon draw the stone a little to 
one side^ it moves back again; it 
wants to stay in one place. And, 
observe, that the string is k^t 
straight The string indicates the 
direction in which the stone would 
fiaU, if it were left free to do so. 
This direction is vertical. Who 
does not know the plumb-line used 
by carpenters and bricklayers % 

The direction in which a body 
fdXU^ if moved by the force of grav- 
ity alone J is vertical. 




e 



wm, u 



I. That a body, instead of approaching the earth, mkj sometfanet do 
fStut opposite, that is, ascend into the air, is due to the influence of odMr 
Ibroes. Thus, when a boy leaps a few feet hi^ he snooeeds in over- 
ooming gravity; however, he does so only for a few moments at a timcw 
Birds and winged insects can overcome gravity loiter by means of an 
action pecoliar to themi, which we call flying. An ordinary fly makes 
as many as ^^ft hnndred beats with its wings dniing a second. But as 
aoon as the influence of other forces ceases, the body must obey the 
law of gravity. The powerful eagle excels in swiftness the festest loco- 
motive; yet, when pierced by a deadly shot, he drops like a stone to 
die hunter's feet 
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8. ExPEBDCBirr.— Place a large book upon fhe 
liand; the hand will be pressed downward. If a 
small book be taken, the downward pressure is 
much less. The small book has not as much 
weight as tiie large ond 

Familiar Facts. — ^A large stone presses itself 
into the ground. The weight of a heavy wagon 
makes deep ruts in a road. When ladies buy 
silk robes, they lift the article on tiieir hands. 
Do you know why? 

All bodies press on their support ; this pressure 
is called tTieir weight. 

4. ExPESiKENT.— A rod balanced on tiiie edge 
of the hand has equal weight on each side of tibe 
support. The direction of the rod is level, or 
horizontal. Now, let a crayon be suspended from 
each end. The rod will stiU be horizontal, because 
both crayons have like weight ; they are attracted 
to the earth with the same force on either side; 
If a number of crayons be sxuspended from one 
end of the rod, and a standard of weight, such a^ ' 
i, } or 1 lb., from Hie other, we have a crude form 
of the scale, or balance. 

A bfttenoe is tn inttnunent for wdgfaing. The pieces of iron, brass^ 
or lead, used as standards, are the weights. Instead <tf the edge of the 
hand, a metal pivot is used. At each end of the beam a pan is sus- 
pended. When a person buys a pound of sugar, why does he see that 
the beam of the balance is horizontal ? Did it ever enter your mind 
that, when buying a pound of sugar, you actually bought a quantity td 
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sugar whose force d gravity amounted to a pound? That is, 70a 
bought a mass of sugar which is attracted by the earth to the amount 
of a pound. It msitters not to gravity of what kind a substance is. A 
pound of ooflfee is as heavy as a pound of lead; a pound of feathers, as 
a pound of iron. 

AppUeaiion. — ^The oonunon balance «- clock 
weights— hour glasses. 

. Bm4 p. 324 and fig. on H^iti^t^/iAeEartAin'^ThmgjtmoiGaier- 
aUy Known." by David A. Wells. New York: Appleton & Ox 

, BmUI chi^ter on *< Wei^t of the Earth" in Bernstein's Popular 
Treatise on Natural Science. New York: Chr. Schmidt* 39 Centre st. 

emiitji as we have seen, is the force which attracts all bodies to the 
tettL This force is only a portion of the universal force of attractioB 
Between all Ixxfies oa the eart^ as well as in the universe (planets and 
fixed stars). A pound-weis^ has very nearly the same weigjit all ovei 
tiie earth; but if taken to the moon it would have less wei^t; it would 
we^ only about }i of a pound there. On the sun, which contains 
3$5,ooo times as much matter as our earth, the pound would have the 
w«ig^ ci about a8 pounds. Owing to that universal force, the planets 
vevolve aroond the sun. The force widi whidi the sun and moon attract 
our earth causes the huge tide-waves on the ocean; while the earth's 
attraction for the moon canses this planet to revolve around the earth 
about once every four wedcs* 
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LESSON II. 

SPMOaiO eSAYITY— FLOATDTG AlfD SDIKINO 

OF soups. 

6. EzFEBiKBKT.— Taka two ink-wells of the 
same size. Fill the one with water, the other with 
oil, and place them on the pans of a balance. Hie 
one containing the water will be fonnd to be de- 
pressed; evidently the water has more weight 
than the same bnlk of oil. In common words we 
say, water is heavier than oil ; but we ought to 
say, that water has greater specific weight than 
oil ; that is, a bnlk of water has more weight llian 
the same bnlk of oil ; or, water is denser than oil. 
For is not a pound of water as heavy as a pound 
of oil! 

Specific Oravity is the weigM of a substance 
compared with tTie weigM of a like hulk of some 
otTier substance taken as a standard. 

6. ExPEBDCENT.— Now flrst pour fhe oil into a 
tumbler, and then the water. The latter being 
the heavier, it settles in the bottom, the oil rising 
above it Thus oil floats on water, because it has 
not as much weight as tiie same bulk of water. 

Familiar Facts. — Smoke rises high into the 
air; balloons ascend into the clouds. Each is 
lighter than a like bulk of surrounding air. 
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Fluids of differeTit specific grwoity place them- 
selves in the order of their specific gravity— (he 
heaviest below f the Ughtest above. 

7. BzpxBDcxNT.— Drop a itone into s tnmblet 
filled wiHi water; it sinks. A piece of cork 
would float. Upon one pan of a balance ^iace a 
tai3^bler filled to the brim with water; npon the 
other place as many weights as are necessary to 
establish equilibrium. Remove the tumbler and 
drop a stone into it The stone will sink and 
some water will run over. The space now occu- 
pied by the stone was before occupied by water, 
and that quantity of water was borne by the 
water in the tumbler. Now, if the stone had no 
greater weight than a like bulk of water , it would 
likewise be borne by the water. That it has, can 
easily be shown by placing the tumbler with the 
stone in it on the balance again ; the tumbler will 
have more weight than it had before. 

8. ExpEBiHBNT.— An empty flask, dosed with 
a cork, floats on water. Look how little water it 
displaces. It evidently has less weight tkan a 
like bulk of water. It would float even if it con- 
tained a few pebbles, while a bottle filled with 
water sinks. 

A body fiocUsj if it has less weight than an 
equal bulk of water; it sinks y if it has more. 
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FoffoXLiar jPacfo.— As the flask, so do vessels 
float, though they be heavily laden. The body 
of a man has scarcely more weight than a like 
bnlk of water, and will float cm water, provided 
tiie chest remains filled with air. 

QOBSTIONS.— I. Why is it difficult for bftthers to walk in water chin* 
deep? 

3. In drawing water from a well, why has the badcet more wei^ at 
it emerges from the water ? 

3. Why may heavy stones be lifted in water, while on dry land diey 
can scarcely be moved? 

Persons who can not swim, often lose their lives on fidling into the 
water, because, when they first sink the water closes their mouth and 
nose, preventing them frtmi inhaling air. Frightened by this, they lose 
their presence of mind, and, initead of holdii^ their breath, they esdiale 
ihit air from their lungs. Thus they diminish their volume, and are, of 
course, more apt to sink. Then they foolishly extend their arms into 
the air; the head then naturally sinks, and, unless rescued, they are 
^ drowned. The danger woiddhave been very sli^ if these persons, on \ 
fidling into the water, had first hdd their breath, spread out their limbi, 
mid then quiedy folded their arms over the crown of the head. For, 
by throwing the head slightly backward, a person is enabled to keep his 
mouth and nose above water, and thus may save his Ufe. If the waves 
run high, he must, by all means, hold his breath as long as he is sub- 
merged; then no vrater can enter his moudi. 

Applicatian. — ^By means of specific gravity the 
purity of liquids and the value of substances, 
such as gold-quartz, can be ascertained. 

Etad Influence of Oil on Water, p. 256, in « Things Not Generally 
Known," by David A. Wells. New York : Appleton & Co. 
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LESSON III. 



MAGNETIC ATTBACTION. 



9. ExPEBiMENT. — Suspend an iron nail by a 
string. The direction of the string will be verti- 
cal (Lesson 2). But if we bring a magnet near 
the nail, the string will incline toward the magnet ; 
the more so, the nearer the magnet is brought to 
the naU. On approaching it still nearer it will 
attach itself to tihe magnet, and, if detached, con- 
trary to gravity, will not fall. This is owing to 
Magnetic Attraction. 

Beverse the last experiment Suspend the mag- 
net at one of its ends, and lay the nail on the 
table. Holding the nail with one hand so as to 
keep it steady, the magnet will be seen to move 
toward the nail and adhere to it in spite of 
gravity. This shows that Magnets cmd urymag- 
netic iron attract each other. 

10. EzPEBiMEKT.— If iron filings be placed on 
a piece of paper or glass, they will likewise be 
attracted by the magnet. The latter need not be 
in contact with them ; it may be placed under the 
pai)er, or even under Hie table. Magnetic attrac- 
tion, like attraction of gravity, operates also 
through intervening bodies. 
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Let the magnet be placed lengthwise in* the iron 
filings and turned, round several times. On with- 
drawing it we find that it is covered at the ends 
with long threads of the filings, while toward the 
middle they become shorter, and in the center of 
the magnet the attraction is so slight that no fil- 
ings adhere. From this we see that the power of 
a magnet resides cMeJly at its ends. 

11. ExPEBiMENT.— The ends of a magnet are 

called its polls. Attach 

the magnet at its center 
to a string, and suspend 
it from the hand. The 
magnet will vibrate until 
it finally takes a certain 
position, which it keeps. 




WKKKKKKK^BtttBtKiM If disturbed, it will again 
"^•'* vibrate, and after many 

vibrations, resume the saine position. It will do 
so anywhere, in the room or out-doors. . Upon 
examining the direction, we find that it is north 
and south. That end of the magnet which x>oint8 
north is called its north pole^ that which points 
south, its south pole. 

A freely suspended magnet points north with 
one end; sotUh, with the other. 

12. ExPEBiMENT.^— Bring the north pole of a 
magnet near the north pole of a magnet freely 
suspended; it will be repelled. The same is 
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seen, if the south poles are brought together. The 

* 

magnets will not come to rest before the north 
pole of the one has found the south pole of the 
oilier. 

IJkepdlea repel each other; v/nliJce pclea oiUract each 
aOier. 

AppHcoitionr—The most important application 
of this property of the magnet is the Magnetic 
Needle^ or Compa^s^ used by surveyors and mari- 
ners. 

A needle may easily be rendered magnetic by means of a magnet 
Lay a needle upon the table and hold its point with the left hand. 
Taking the magnet with the right, place it with its north pole upon the 
ctnter of the n6edle. Then pass it slowly along the right-hand part oC' 
the needle, rubbing the needle in the direction from the center to the 
eye. When arrired at the eye, the magnet must be raised from the 
needle and passed through the air back to the center, there to recom- 
mence the same operation with the same pole. This process must be 
repeated about thirty times. After that, the magnet is reversed, taken 
into the left hand, and, while the right now holds the needle, placed 
npon the center of the needle. By rubbing the magnet from the middle 
of the needle to the left end, returning through the air, and repeating this 
the same number of times as the first process, the needle becomes a 
perfect magnet It will attract iron, and be attracted by the same; it 
win point north and south, if suspended at the middle and if left to 
move freely. 

Magnets have usually the form of a horse-shoe, so that the poles are 
brought near together; this more than doubles their suj^rting capacity. 



** Magnetism,*^ in Faraday's "Six Lectures on the Various 
Forces of Matter." New York: Harper & Brothers. 

X«ad ''Terrestrial Magnetism," in Harper's Monthly, VoL i, p. 651. 
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LESSON IV. 



BLBOTBIO ATTBAOTION. 



The ancient Greeks gave amber the name of 
Electron ; they knew that if amber wiia rabbed it 
would attract small, light bodies. This attractive 
power is called Electricity. 

13. Experiment.— Bub a piece of sealing wazy 
a bar of sulphur, or a lamp-chimney, with a piece 
of flannel, and bring it near light bodies, such as 
tiny bits of paper, wafers, or small feathers. 
They will adhere to the sealing wax, sulphur or 
glass, which have become electric^ and have now 
the power of attracting light bodies. 

14. Experiment.— Heat a piece of writing 
paper over a stove or lamp. Place it upon a 
table, rub it several times with a piece of India- 
rubber, and then bring it quickly near some light 
bodies; it will attract them. From this we see 
that Friction produces Electricity^ and that elec* 
trie bodies attract ligM bodies. 

15. Experiment.— If, in a very warm room, 
where there are but few persons, and where the 
atmosphere is perfectly dry, we bring the knuckle 
near electrified sulphur, glass or paper, we may 
see a spark pass from the substance to the 
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han^^ At the same time, we also hear a crack- 
ling noise, feel a slight stinging in the hand, and 
smell a peculiar odor near the electrified object. 

FamUiaT FdcU.—Thib fur of a cat sparkles 
when rubbed with the hand in cold weather. The 
sparks are seen best in the d^rk. If the electric 
pofper be held against one's face, a pecnliar sensa- 
tion is felt, as though the face were being covered 
with a cobweb. The reason of this is, that the 
fine hair on the face is attracted by the paper and 
caused to move. Sparks a foot long are often 
seen when there is strong friction between the 
rubber bands and the wheels of a machine. 

But what has become of the electricity vaax 
passed from the sulphur, or glass, to the knuckle 
while emitting a spark ? If it had remained there, 
the knuckle would certainly attract light bodies ; 
but this is not the case. Neither the knuckle nor 
the hand shows any sign of electricity. It spread 

I. As it often depends upon unamtrdlable drcimistanoes whether a 
spark can be obtained by such simple means, the ibUowing contrivance 
has been suggested: "Take a gkss tube of ^-inch bore and a little over 
a fi)ot long. Then take an iron wire, coil it spirally, and insert if into 
the tnbe-^e windings should be ji^-inch distant from each other, and 
must rest firmly against the inner sur&ce of the tube. One end of the 
wire is to protrude from the tube, and a tin ball to be soldered on to the 
protruding end. The other end of the spiral wire should not extend 
frurther than the middle of the tube, in order that about six inches of the 
tube may be used as a handle. On rubbing the tube, a spark may be 
obtained from the tin balL" 
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all over the body stnd over the earth, and thus i\> 
was sensibly lost. If we bring a key near elec- 
trified sulphur or glass, or a tin ball (see foot 
note p. 21), a spark will likewise be seen passing 
over to the key ; but the electricity which the key 
receiv^es does not stay there ; it passes into the 
hand, and^thenoe through the body to the ground. 
This shows that metals and the hvmian hody 
are good conductors of electricity. K in place 
of the hand and the key, we take sealing Wa^, 
silk or glass, no spark will be seen, and they wiU 
remain electric after the contact. These bbjectfi" 
do not conduct electricity. Hence seeding ijoao)^ 
silk and glass are non-condnictors of electricity. 
The difference between coTiduotors and non-con- 
ductors: of electricity is this : A conductor re- 
ceives, and loses, electricity immediately on all the 
parts of its surface. A non-conductor receives^ 
and loses, electricity only at the point of contact 

16. ExpBBiHENT.— Suspend a pith baU,^ attached 

1. " Pith balls may be obtained best in winter from young elder-trees of 
one year's growth.. The stem is split open with a sharp knife, the pith 
is cut into small pieces, each of which is rolled between the hands into 
a ball. To suspend the balls, pierce each with a needle carrying a silk ^ 
or linen thread, make a knot on the opposite side, and then draw the 
knot tight a little ways into the ball. The linen thread should be very 
fine. If silk thread is used, care must be taken that it contain no metal- 
lie color, as, for example, Prussic Blue, and that no cotton thread be 
inside, as cotton is a good conductor. The thread to which the little 
ball is attached is taken from three to five inches long ; one with a ball 
at each end should, of course, have double the length. They may be 
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to a silk thread, from the 
hand or some other support 
(Fig. 3). On presenting it to 
an electrified har of sealing 
wax, it will be seen that the 
ball is attracted by the seal- 
ing wax, that it comes in con- 
tact with the same, and that, 
after it has become electrio 
itself, it is repelled. If we 
then slowly follow it with the 
sealing wax, it is repelled 
still farther. The repnlsicHi 
"^* '* between the two bodies con- 

tinues, until the aqueoxus vapor in the room, or 
some other good conductor, or the contact of our 
hand, deprives the ball of its electricity. 

17. ExFEBiMBKT.— In a similar maimer bus- 
pend two pith balls attached to a silk thread. 
On presenting electrified sealing wax, they be- 
come electric themselves by contact with it, and 
then repel each other. They hang no longer verti- 
cally ; the attracting and repelling force of elec- 
tricity n^ay overcome gravity in the same way in 
which magnetic attraction overcomes gravity. 

18. Experiment— Bepeat the 16th Experiment 
with a single pith ball ; after it becomes electric, 

suspenaed from a strong wire bent at right angle, which may be inserted 
in the cork of a bottle, so as to give it firm support." 
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present it to an electrified glasB rod or tube/ The 
ball will be immediately attracted by the elec- 
tricity of the glass. 

19. ExpEBiMENT. — Bepeat fhe 17th Experi- 
ment, and after the two balls are separated by 
repulsion, present electrified glass to one of them. 
The glass will attract this ball and impart its 
electricity to it ; after which the ball will be re- 
pelled from the glass and at once fiy to the other 
balL 

When the two balls had the same kind of elec- 
tricity, they repelled each other ; now that they 
possess different electricities — ^the one glass elec- 
tricity, the other sealing-wax electricity — they 
aUract each other. 

20. Experiment. — Again suspend two pith 
balls. Bring electrified sealing wax near the one, 
electrified glass near the other. The balls will at 
first be attracted and Ihen repelled, when they 
will fly toward each other and stay together* 
This is easily understood if we remember that 
one ball had glass electricity, and the other seal' 

I. "Glass differs greatly with respect to electrical purposes. Some 
varieties are good conductors of electricity, because they contain metaL 
Hard glass, and common gveen bottle glass, if not colored with metal, 
are non-conductors, and, therefore, well adapted for that purpose. All 
kinds of glass, however, are hygroscopic, that is, they draw moisture 
from the atmosphere. For this reason thick glass rods are preferable 
to glass tubes. Before being used, both, tubes and rods, should be 
slightly heated, and should be rubbed with a warm doth." 
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ing wax, or, as it is called, resinous electricity. 
From all this it appears that there are two kinds 
of electricity — Vitreous or Olass Electricity^ and 
Sesinous Electricity. The former is also called 
positive electricity, the latter negative electricity. 
Like electricities repel ecLch otTier; unlike elec- 
tricities attract each other. (For a similar phe- 
nomenon see the preceding lesson.) 

Historical, — ^The sparks obtained by the rubbing of inrs, and light- 
ning, with its companion, thunder, must have been observed by the 
earliest people upon the earth. Although the Greeks, about 600 years 
before the Christian era, recorded the attracting property of sunber, it 
was not before the beginning of the 17th century, that a book was 
published by Dr. Gilbert, an Englishman, who mentions many other 
substances, such as g^ass and sulphur, as having the same property. 
This author stated correctly that magnetism attracted as well as repelled, 
but, curiously enough, he added that electricity only attracted. 

In 1670^ the first electric machine was constructed by Otto Guericke, 
burgomaster of Magdeburg, the inventor of the air-pump. He also 
discovered the property of electric repulsion. He ezdted electricity by 
means of sulphur (brimstone) exposed to friction. 

The distinction between conductors and non-conductors of electricity 
was discovered by Mr. Stephen Grey. He wished to electrify a cord 
suspended by linen threads, but was unsuccessful because &e electricity, 
when entering the cord, at once passed over to the threads. The 
threads thus were found to be conductors of electricity. Upon the sug- 
gestion of a friend he tried silken threads^ and as silk is a non-con- 
ductor, the experiment then met with the desired result 

Du Fay distinguished between vitreous and resinous electricity. A 
number of other scientists afterward improved the electric machine, and 
by continuous research added largely to the progress of the science. But 
they were eclipsed by Dr. Franklin who astonished the world by draw- 
ing electricity from the douds. 
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LESSON V. 

UGHTNINO. — LIGHTNING BODS. 

A lamp-chimney yields only a small spark; 
but the glass disk in an electrical machine, snch 
as is used in High Schools and Colleges, produces 
a long, zigzag spark, resembling a flash of light- 
ning. It had long been supposed that lightning 
was an electric phenomenon, but it was not tmtil 
1752 that, through the genius of our countryman, 
Benjamin Franklin, all doubts were removed. 
Having long been thinking over the subject, he 
one day saw a boy fly a kite, and the idea at once 
struck him that he must make one himself and 
send it into the clouds. Accordingly he stretched 
a sUk handkerchief upon two sticks, in the form 
of a cross, on the top of which he fastened a 
pointed iron wire. This he connected with the 
hempen string holding Ihe kite, and upon the 
approach of a thunder-storm he went out, accom- 
panied only by his little son. The hempen string 
was attached below to a key, and the key was 
insulated by silk string which Franklin held in 
his hand. The clouds were passing rapidly, but 
without any apparent effect upon the kite ; and 
the two observers, standing below and watching 
it with great anxiety, were about to abandon the 
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undertaking, when suddenly the fibres of the 
string bristled up, and a crackling noise was 
heard. Franklin now presented his knuckle to 
the key, and received an electric spark, which 
was soon followed by an abundance of sparks as 
the string became wet with the falling rain, 

Franklin's experiment, together with many 
experiments by scientific men in Europe, demon- 
strated beyond a doubt, that all rain clouds are 
ttectric. 

« 

FamUioT jPViofo. — When two such clouds 
approach each other, their electricities try to 
unite. In doing so, one of them leaps over the 
space between them. This passage of electricity 
through the air produces a great electric spark 
which we call LigTitning. 

Familiar jPVicfe. — Idghtning mostly passes 
from one cloud to another. But it may also pass 
from the clouds to the earth, and from the earth 
upward to the clouds. It rarely happens that 
lightning striJces — that is, strikes objects on the 
earth. Tall objects made of good conducting 
material are most liable to be struck — ^tall objects, 
because they are nearer to the clouds ; good con- 
ductors, because electricity can get to the ground 
soonest through them. High houses, tall steeples, 
trees or chimneys, therefore, offer a good passage 
to electricity. In its onward course lightning 
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always prefers the best conductors ; thus it passes 
along the spouting of houses, along water-pipes, 
stove-pix>es and iron pillars. It melts metallic 
objects ; it splits trees into fragments, and JcUls 
living beings by destroying the activity of their 
nerves. 

The safest place during a thunder-storm is that 
part of a room not too near the fire-place, stove, 
chandelier, gas-pipe or bell-rope. Why is it un- 
safe to seek shelter under tall trees, or in the en- 
trance of a house with rain pouring down over 
it ? Knowing that lightning always follows the 
best conductors, Franklin devised a means by 
which he might direct its course, and invented 
the Lightning Rod. It consists of a metallic rod, 
with pointed upper ends, which protrudes several 
feet above the roof, in order that on the approach 
of a dense cloud the metallic point, and no part 
of the building, should be struck. The rod con- 
ducts the electricity into the ground, where it can 
do no harm. 

As lightning is an electric spark, so is— on a 
large scale — ^thunder the crackling noise which 
accompanies the electric spark. 

Bead << Thunder and Lightning,'' in "Illustrated library of Woa- 
ders." New York: Scribner & Co. 

BMd ** Lightning and its Effects,'* page 291, in Wells' "Things 
Not Generally Known.'' 

Bead " Thunderstorm," in " The Earth and its Wonders." Cindn- 
nati : Hitchcock & Walden. 
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LESSON VI. 



OOHSSION. 



FamUicur Facts.— In. order to cut meat, to 
whittle a sfick, to sharpen pencils, to split logs, 
to saw wood or to plane boards, we find it neces- 
sary to use instruments, such as a knife, an ax or 
a saw. We see that the parts of a solid body are 
not easily separated; evidently they are very 
close together. They are held together by a force 
which we call Cohesion. We know that it is 
difficult to break a piece of iron, because iron has 
a strong cohesive force ; yet a blow with a poker 
sometimes may break the door of an iron stove. 
Boiled or hammered iron is much stronger than 
cast-iron, because, by the process of rolling or 
hammering,'its particles have been brought nearer 
together, and hence they cohere more firmly. 
The strength of our tools and building-material 
depends upon this cohesive force.^ We can break 
wood more easily than iron, because it has less 
cohesive force. Easier yet to break, or separate, 

I. If iron be made to pass through fine openings, iron wire is ob- 
tained. (Whatis this property of iron called?) Iron wire of the thick- 
ness of a match may support a weight of forty tons. A cable of wires, 
each wire having one^third of that thickness, may support a weight of 
ninety tons. — Suspension bridges. 



t 
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is water, oil, or air. Place the hand in water , 
now try to place it in wood. This is impossible, 
for the particles of a solid body cohere more closely 
than those of a liquid. How easily we can ponr 
water from a pitcher into a tumbler, and oil from 
a can into a lamp I And that our light- winged 
songsters can divide the air so swiftly, is owing 
to the fact that air has even less cohesion than ' 
water. We can walk, run, ride or jump in air. 
To do this in water is more difficult ; in molasses, 
it would be next to impossible.* 

To break a hody^ its force of coTiesion must be 
overcome. 

Familiar Facts.— When a little child breaks 
Mb slate, he tries to put the parts together again, 
but he quickly perceives that they will not re- 
main together; he must get a new slate. The 
particles on the surface of the edges can not be 
brought so near to each other as they were be- 
fore ; that is, they cohere no longer. A broken 
walking-cane, although the broken parts are 
glued together again, has lost its former strength. 

I. When we overcome fhe force of oohedon of a body, we do so bj 
displacing its parts; we do not in reality penetrate the body. Thus, in 
driving a nail into a board, the nail merely displaces parts of the board. 
A body can not occupy the space of another body unless that other 
body be first removed; that is, no two bodies can occupy the same space 
at the same time. If an inverted tumbler be placed in water, the water 
can not fill it, because the air in the tumbler has no means of escape. 
See Lesson X. 
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But it is different with a liquid ; two parts of 
water can readily be made to form one mass by 
pouring them together. 

The greater or less resistance which the body 
offers when being broken, determines the degree 
of its cohesive force. A solid body has more co- 
hesion among its parts than a liquid. Gkuseous 
bodies have no cohesion at alL 

Examples t Ice, water, steam. 

The great enemy of cohesion is Heat. 

Familiar Facts.— Mthongh, solids and liquids 
cohere, they contain a great number of holes, 
which are called Pores. They may be of differ- 
ent size in the same body, and they may be visible 
or not. The pores of awr skin are so minute that 
they can not be detected without a magnifying 
glass. Every square inch of our skin contains 
abo^t 1,000 pores. Our health depends largely 
upon their activity.* 

Solid and liquid bodies are porous. 

Application. — (a.) Of Cohesion : Beams and 
Pillars. Wire; Thread; Rope, &c., &c. (6.) Of 
Porosity : The Sponge ; Blotting-Paper. 

I. In the year 1661 the Academy of Florence proved tl&it pores exist 
even in goiLd. Athin g^obe of gold was filled with water, and the orifice 
carefiilly dosed. A violent pressure was then brought to bear upon it^ 
and the result was, that the water was forced through the pores of 
the gold, and stood like dew upon the outer surfiice of the globe. 



83 VIBST LESSONS IN PHYSIOS. 



LESSON VII, 

ADHBSION.— OAPILLABT ATTBAOTIOK. 

21. BzPBBiHENT.— Cut two leaden bullets 

with a pen-knife so as to form two bright surfaces, 
and let the two faces bd pressed against each 
other until they are in the closest contact ; they 
will be found to adhere firmly to each other. 

Fwndliar Facts.— ThB same takes place, if a 
piece of India-rubber be cut and the two surfaces 
be pressed together. Dealers in glass-ware know 
that when mirrors have been placed together with 
their surfaces, they are often broken in the at- 
tempt to separate them. Between solid bodieSy 
adTiesion takes place if the swfaces are MgKLy 
polished; that is, if they are so smooth that the 
parts of one surface closely approach those of 
the other. If not highly polished, the surfaces 
will not adhere — ^as two bricks laid together. Nor 
win adhesion take place, if thin pax>er is placed 
between the two polished surfaces. 

As a general thing, bodies which we wish to 
adhere to one another, are not very smooth. 
Owing to the nnevenness on their surface, many 
of the parts of one surface are prevented from 
coming in close contact with those of the other ; 
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in this case there can bd no adhesion. What 
may be done, then, in Order to make two rongh 
surfaces adhere? Simplypnt a liquid body be- 
tween the two, to fill oat the nnevenness. 

22. EzPEBDOBNT. — Put two moistened glass 
plates together, and it will require some effort to 
separate them. The same may be found if two 
boards are placed together with water between 
them.^ 

Why does the hand become wet when immersed 
in water? Why does it remain dry when drawn 
out from mercury ? Because, in the first case, the 
adhesive force between the water and hand is 
stronger than the cohesive force of the water ; in 
the other case, the cohesive force of the mercury 
is stronger than the adhesive force between it 
and the hand. Thus, when the hand is placed 
in water, a struggle takes place, as it were, be- 
tween the adhesive and cohesive force of the 
water. The hand comes out victorious, for on 
witlidrawing, it carries off a portion of the 
water. 

1. Between paper we putmudlage ; between bricks^ mortar ; between 
the jMeces of a broken dish, cement. Adhesion takes place between the 
surface of these bodies and the liquid; cohesion between the parts of the 
liquid. It is thus that the two surfaces of glass, paper, brick and porot* 
lain are made to adhere to each other. 

8 
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Adhesion is the attraction hetween the starfacea 
of bodies in contact vsith each other. 

ApplicatioTi.^A}l gilding, paindng, whitewash- 
ing, cementing, ramishiog, glning, writing, solder- 
iog, coating of looking-glasses, plating, &c., &o. 
Soot adheres to the chimney ; dust to the ceiling ; 
chalk, and fresh p^nt, to one's dress. 

S8. ExpsBiHBiTT.— bunene a dean (laas plate 

partly in water, some 
of the water will be 
seen to rise on both 
sides of the plate. 
Evidently the adhe- 
sive force between 
the glass and the 
water is greater than 
the cohesive force of 
the water. Were it no.*. 

not so, the water wonld not rise. Now immerse 
another glass plate near the first and not parallel 
to it (Pig. 4). Water vrtll rise between them, and 
the form of its snrface will be concave. The 
nearer the glass plates are brought to each other 
the higher will the water rise between them. This 
is natural, for the qaantity of water between them 
is in this case very small; and the cohesive force 
of the water, therefore, easily overcome by the 
adhesive force. If a glass tabe be immersed (see 
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Fig. 6) the water will rise still higher, 
because here is a small quantity of 
water, surrounded on all sides by glass, 
and the force of adhesion is, therefore, 
comparatdvely of greater effect^ 

Capillary tubes are tubes so small 
that nothing thicker than a horse-hair 
can pass through them. When such 
a tube comes in contact with a liquid '»<»•»• 
whose cohesive force it overcomes, the liquid is 
compelled to rise in it. The finer the bore of the 
tube the higher will the liquid rise in it. In a 
tube 1-100 of an inch in diameter water will rise 
over five inches. 

CapiUary attraction is the result of adhesion 
operating between solid and liquid bodies. 

Application. — Sponge, blotting paper. Eggs 
and meat may be kept fresh in sand or pulverized 
charcoal, these two substances containing capil- 
lary tubes which absorb any moisture that would 
otherwise affect the eggs or the meat Lamp- 
wicks likewise contain capillary tubes ; these sup- 
port combustion, although there may be but little 
oil. Grease spots in the floor may be removed by 
laying earth upon them. Our clothes become wet 
from the rain. In short, everything about us is 
filled with fine capillary tubes. 

I. But the reverse of all these phenomena takes place — that is» water 
is always depressed about glass surfaces, if these are greased. Grease 
has no attraction for water; the water, consequently, is left free to obey 
its cohesive force, and falls below the level of the liquid surrounding 
the tube. 
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LESSON VIII. 

BBVIBW. 

Lesson i.— 

AU bodies are attracted to the earth. The 
force which attracts them is called the Force 
of Gravity. 

3. AU bodies fdU if unsupported; if supported, 

they press upon their support ; if suspended, 
they pull in the direction in which they would 
faU if left free to do so. 

3* The direction in v)Mch a body faUs, if it is 
moved by gravity alone, is vertical. 

4. Thepresswre of bodies upon their support is 

called Weight 

6. A povmd is a weight, indicating a certain 
amount of that pressure taken as a standard. 

Lesson n.— 

6. The specific gravity of a substamM is its 
weight, compared with the weight of a like 
bulk of some other substance taken as a 
standard. When we say, mercury has a spe- 
cific gravity of 13.5, we mean that any bulk 
of mercury has 13.5 times as much weight as 
a like bulk of water. 
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7. Fluids of ddfferent specific gravUieSj when 

brought together, place themselves in the 
order of their specific gravities, the heaviest 
below. 

8. A body which is lighter than a quantity of 

water of equal bulk, floats on water; one 
which is heavier, sinks. 

Lesson hi. — 

9. The attraction between magnets and iron is 

called Magnetic Attraction. The attraction 
which the earth has for ma^ets, causes the 
magnetic needle, or any magnet freely sus- 
pended, to point north and south. 

Lbsson IV. 

10. The attraction of electrified bodies is called 
Electric Attraction. 

IiBSSOK VI. — 

11. The parts of a body are Tcept together by 
their mutual attraction. The attraction be- 
tween the parts of the same body is called 
Cohesion. 

12. In order to sepoflratea body^ its cohesion 
must first be overcome. If it is difficult to 
break, we call the body tenacious ; if diffi- 
cult to i>enetrate, we call it hM'd. 
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Lbsson vn. — 

13. Ths attrMti(m between the stMrftzces of \x>diea 
in contact, is called Adhesion. 

14. J7^ (zdTiesian between solids cmd liquids is 
often called Capillary Attraction. 

16. Gravity y Magnetism^ Electricity ^ Cohesion^ 
and Adhesionj are forces of attraction. The 
last two are called Molecular Forces, because 
they bind molecules^ together. 

16. The first three — Gravity, Magnetism and Elec- 
tricity — act through great distances ; adhe- 
sion and cohesion only at an insensible dis- 
tance. 

17. Instead of magnetic and electric attraction^ 
we may witness magnetic and electric RqpvJr 
stony while gravity, cohesion and adhesion, 
however, exert only attraction. 

Qtiestions. — ^What natural force is applied in the 
balance — the compass — the lightning rod — 
suspension bridges — ^blotting paper t 

I. "A molecnle is the smallest particle of matter into which a body 
can be divided without losing its identity." Thus, the smallest partides 
of bread or of salt, which are still bread or salt^ respectively, are mole* 
eules of bread or of salt. 
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LESSON IX. 

BLASTIOITY. 

FomMar ^oci^^— More than a fhoiuand yean 
ago, long before powder was invented, our ances- 
tors used the cross-bow for the purpose of fighting 
the enemy as well as for the pleasures of the chase. 
At present, the cross-bow is used only by certain 
fi»tyagi tribes, and as a plaything by our children. 
If you draw the string of the cross-bow, and then 
let it go again, the arrow placed before the string 
flies off with astonishing rapidity. ^^ How is it," 
may we ask, ^^ that a string can obtain such great 
force V^ If we double a piece of India rubber be- 
tween two fingers, it straightens again when the 
pressure is removed. After pressing a steel pen 
gently against our thumb nail to try its writing 
qualities, it immediately returns to its former 
shape. Steel blades and whalebones likewise 
resume their former shape after having been bent. 
Steel, ivory, and India-rubber, possess this prop- 

I. Bodies sudi as lead, cotton, day, show very little elasticity. For- 
merly, it was believed that they had none ; hence they were called inelas* 
He; but even these bodies are not without elasticity ; and it may safely 
be asserted that there are no inelastic bodies. Indeed, were it not that 
all bodies are more or less elastic, it would be difficult for us to Uve. 
Were not the ground, the floor, the walls of our houses, the tables and 
chairs elastic, every contact with them would hurt us. Were not our 
p^)er and pens elastic, how long would it not take us to commit our 
thoughts to paper! Were not wood elastic, every stroke of wind would 
Wow branches of trees down upon us. 
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erty in a high degree. Such substances are called 
elastic. Stone, lead, glass and many other bodies 
possess it to a small extent. Yet glass, when 
drawn out in fine threads, is so elastic that tissues 
have been woven from them. 

23. ExpsBiMBNT.— Take an ivory ball ; press 
it with your hand upon a slab of marble that has 
been blackened over a lamp. The ball will show 
a black spot about as large as a pin's headt Now 
lay the slab on the floor, stand on the table, and 
let the ball drop upon the slab from a consider- 
able height. The ball will then have a black spot 
very much larger than before. Although of a 
hard substance, the ball is flattened to that extent 
when it strikes the slab, and in resuming its for- 
Bier shape, it rebounds. 

Familiar Facts.— An India-nibber ball is flat- 
tened still more, and therefore rebounds farther. 
A soap hvbhle^ striking against the wall, some- 
times rebounds. Air^ too, is elastic. This may 
be seen by striking upon a bladder inflated with 
air. When powder is ignited^ gases are developed 
whose elastic force is so great that it overcomeeT 
everything before it. 

The parts of an elastic body return to their 
former position^ wihen the external for^e which 
displaces them ceases to act. 

Bodies, such as glass or sugar, that break if the 
displacing force is beyond the limits of their elas- 
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ticity, are called brittle. Bodies, snch as metals, 
whose parts instead of breaking may assume a 
different position, are either maJlecbble or duc- 
tile} The malleability of iron may be seen in 
sheet iron, and in the plates of gun-boats ; its 
ductilily, in the telegraph-wire. 

Questions. — ^When are bodies said to be dense ? 
rare ? soft ? hard? brittle ? malleable ? ductile? 

Application of Elasticity. — 1. To produce nto- 
turn : Watch-springs ; springs in watch-cases,^ 
boxes, and carriage-lanterns ; the ballista of the 
ancients; the cross-bow; locks, and triggers. 
2. To co^wnteract concttssion: Wagon-springs •,. 
packing glass-ware in hay or straw ; springs in 
mattresses, sofas, chairs and etui-cases. 8. To 
cause close contact or pressure: Springs in 
I)ocket-inkstands; printers' cylinders; some kinds 

of pen-holders. 4. For wdgMng : Spring-bal- 
ances 

I. Gold is very malleable. Gold leaf b hammered out so thin that it 
takes 300,000 sheets, placed one upon another, to make the thickness 
cf an inch. Platintim is very ductile. 3,000 ieet of platinum wire of a 
certain thickness were found to weigh only about &9u grain. A single 
siDc-worm thread possesses a thickness equal to that of 140 such fine 
tiireads of platinum. Now, as a foot contains 144 lines, and as the t6nth 
part of a fine is readily visible to the naked eye, it follows that a single 
grain of platinum can be drawn out into 4,320,000 parts, each of which. 
is distinctly visible. 
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LESSON X. 

BLA8TICITT OW AIB. 

34. EzFEBiMBNT.— If WO immene an InTorted 
tomlder peipendicnlarly in water, only a very littla 
of the water will enter the tombler, and, of connse, 
the air in the tambler is compressed. If the Tea- 
sel is pressed down still farther, 
a little more water enters it, hat [ 
it will never be entirely filled 
with water, because it contains 
Mr. A cork previously placed » 
in the tnmbler, will show the [ 
position of the water-level in- "" *" 

side. (See Fig. 6.) Air mftintft^ina its place like 
every other body, and presses upon bodies. Its 
pressure is distinctly felt, and if you withdraw 
the hand which presses the tumbler down, the 
tnmbler will instantly rise. The ^ in the glass 
was compressed, and tended to expand again, be- 
cause ozr, like other 'bodies, is eltwtio. 

35. EzpsaniBNT.— If a glass fiumel be im- 
mersed instead of a tnmbler, and if inverted 
with the mouth downward, the upper end being 
closed with the thumb, the air in the fonnel is 
compressed. As the thumb is removed, however, 
water rashes into the funnel, forcing out some of 
the air. 
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36. BUPBBDCENr.— Cement a fmmel into the 
neck of a bottle and pour water into it. Only a 
small quantity of water will enter, unless the fun- 
nel is placed in the bottle loosely, so that there 
is a passage for the air. For, as the water is 
I>oured into the funnel, it forces the air in the 
tube of the funnel into the bottle. The air in the 
bottle being thus greatly compressed, its elastic 
force resists the downward pressure of the water. 

27. ExPBBDCBNT.— Another beautiful illustra- 
tion of the expansive force of air may be obtained 
by the " Hero's Fountain.'' Take a cork 
which fits into a bottle, and perforate it 
with a round file. The hole should 
be made so as to admit with difficulty 
a glass tube, which is now pushed 
tiirough the cork. The tube should have 
a very fine opening above. This being 
done, fill the bottle about half with 
water and close it with the cork. Then ^^' '* 
drive the glass tube farther down, until it nearly 
reaches the bottom of the bottle. The bottle now 
contains air in its upper part and water in its 
lower. On blowing more air into the tube, the air 
will ascend through the water (Lesson II) and cbl- 
lect in the space above. In so doing, the air over 
the water is compressed, and in trying to expand, 
it forces the water upward through the tube. 
The inventor of this little apparatus was Hero, 
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a philosopher, who died in Alexandria, before 
Christ 

Familiar Facts. — Tkt wnnriiig toy, whose harmless missile darts off 
with such rapidity, the pop-gun, becomes a wonderful object, when we 
consider the powerfid force it serves to illustrate. A piston moves air« 
tight in the tube of the pop-gun. Let it be at one end of the tube ; then 
insert, air-tight, a stopper into the other end of the tube and commence 
pushing down the rod ; the air inside is now compressed, it has the ten* 
dency to expand again ; but its force is not great enough, as yet, to drive 
out the stopper. If the rod is pushed in &rther, the air is compressed 
still more, and the stopper is expelled with a loud report. Another 
source of amusement is the blowpipe. It omsists of a long, smooth 
wooden tube, into which is fitted a sharp nail, around whose head shreds 
of cotton are tied. This nail is inserted, and by blowing into the tube 
at the same end, a great quantity of air is forced in, compressing the air 
inside ; this causes the nail to move forward. On blowing more strongly, 
the air is compressed more, and its expansive foroe» therefore, greatly 
increased. The nail is then expelled from the tube, and its speed will 
be in proportion to the force with which you have blown into the tube. 

The air in a diving-bell is so compressed by the water's trying t6 
enter, that divers often experience great difficulty in breathing. 

Air is cm elastic body; the more we compress 
it J tJie greater is its expcmsite force. 

A nsefol application of this property of air is 
the air chamber, used in connection with pumps. 
(Comp. Less. 77, p. 78.) The Diving-bell may 
alQO be considered an application of this force, 
because it is the expansive force of the compressed^ 
air which prevents the water from entering the 
bell. (Comp. 24 exp.) 
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LESSON XI. 

PBBSSUBB or AIB. 

28. ExpBBiuENT.— A tumbler filled with water 
to the brim, with a piece of paper 

placed over it, is inverted. (See 

Fig. 8.) The hand on the paper, 

aifl«r pressing the latter firmly 

against the tumbler, is removed, 

bat the water does not flow out. 

How can this be accounted fori 

Notice that the .tumbler contains ' no.*. 

no air; it is entirely filled with water. The air 

evidently presses v^ward against the paper. It 

is this vipvia/rA preasvffB of the axi, which supports 

the water in the tumbler. Were it not for the 

paper, the air would force its way into the water, 

by rushing up along a part of the inner side of 

the tumbler, leaving the water to fall down ou the 

opposite part 

29. EzPBBiHBNT.— ImmerBe a tnmbler, hori- 
■ontaUy, into a bowl of water, and press it down 
gradually. It will fill with water, and afterward 
be entirely below the surface of the liquid. Now 
turn it to the vertical position, and without, how- 
ever, raising its month above the surface, lift it 
as high as possible. The whole tumbler is still 
filled with water, and will remiun filled, although 
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the water in two commTinicatiiig vessels ought to 
have the same height (Lesson XVlll). The tam- 
bler contains no air, while a large amoont of air is 
over the remaining water, pressing doxomoafrd upon 
the water. It ia this dowmoaa-d pressv/re of air 
which snpports the column of water in the tumbler. 
30. EzFESDCBiirr.— Let a Teasel be filled with 
water; then take a narrow glass 
tabe, open at both ends, and im- 
- merse it perpendicularly in the 
vesseL The tnbe will partly fill ' 
with water; if taken out, the 
water will flow through the tube 
and fall, because attracted to the 
earth. Place the tabe again in the 
water, but so that no air remans ia 
it, and take it ont again, keeping 
the upper opening closed with ths 
thumb. No water wi}l flow from 
the tube, because ext presses 
aguDst the lower opening and thna 
snpports the colnmn of water in 
the tnbe. On removing the thumb 
the water will flow out, because, in 
that case, the air presses as strong- 
ly above as it does below; the 
water, consequently, obeys the 
force of gravity and falls. Hold- 
"^^ ** ing the glass tube more and more 
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obliquely, until it is in a horizontal position the 
water will stUI remain in the tube. 

This shows that air presses not ardy uptDord^ 
downwardj and laieraUyy hut in aU directions. 

jPamUiar Facts.— Tiom an open fanoet in a 
fall barrel with its bung-hole dosed, the liqnid 
does not flow, because the air presses against the 
openiag in the faucet. To draw vinegar^ or any 
other liquid from a barrel, plunge a long tube into 
title liquid ; close the upper end with the thumb 
and withdraw the tube. The liquid in the tube 
will not flow out (why not ?) as long as the thumb 
closes the upper end. OUrcans must be opened 
on the top in order to obtain a ready flow 

Applicaiion. — The Barometer (see next lesson). 
Pneumatic Railway. 

Give an example of each of the four applica- 
tions of Elasticity (Lesson IX). 

Bead "Impenetrability," p. 3, in Pepper*t "The Boy't Playbook 
•f Science." Routledge & Sons, London. 



V 
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LESSON XII. 

THE BABOMETEB. 

The infltmment before you is a Barometer. 

It consists of a glass tabe with its upper end 
closed^ and its lower end open (terminating in an 
open bulb). This end of the tube may be straight, 
or bent in a cnrve. The frame is not an essential 
part of the instmment. Inside the glass tnbe and 
bnlb is mercury. The mercury does not extend 
quite up to the closed end ; there is a vacant space. 
Let us examine this space by placing the barome- 
ter cautiously in a horizontal position. The mer- 
cury will rise to the highest ^oint of the tube. 
No air could have been in the vacant space; if 
there had been any, it would not have allowed 
the liquid to penetrate so far (Lesson X). Let 
the instrument be put slowly into a vertical posi- 
tion again. The vacant place over the mercury 
oontains no air ; it is called a vacuum. 

Raise the window, and set the barometer in the 
open air. Our atmosphere is a great many miles 
in height. The column of air above the bulb 
presses upon the mercury ; for air presses in all 
directions (Lesson XI). The cause of the mercury's 
standing so high in the open air is the pi assure 
of air. The mercury may be in a leather bag, 
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enclosed in a wooden or metallic case. The 
pressure of air, like magnetic attraction and 
attraction of gravity, is strong enough to act 
through intervening substances. 

Since the pressure of air is so great as to sup- 
port a column of mercury about 29 inches high, it 
is evident that the amount of this pressure is equal 
to the weight of the column. When the atmos- 
pheric pressure decreases, the mercury in the tube 
falls (why ?); when it increases, the mercury in 
the tube rises (why I). Hence the Barometer is 
used for measuring tJie pressure of air. 

Take the barometer back into thei room. You 
will notice that the mercury stands as high as it 
did in the open air ; yet the column of air from 
the ceiling down, which presses on the bulb, is 
much shorter. The air out-doors is pressed upon 
by the layers of air above it ; it is compressed^ 
consequently it tends to expand (Lesson X). 
Now, were the air in the room less compressed, 
the outer air would rush in, imtil the air in-doors 
and that out-doors would be equally comjiressed. 
Thus both masses of air exert like pressure ; the 
pressure of the air out-doors is the same as thai 
of the air in the room; and we can measure it 
with the barometer in the room or out of the 
room. 

Thft htif lit of XtL% Mliimii of Moroury in the barometer is not 
always the same; it varies as the mercury rises or fidls. This shows 

4 
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that the atmospheric pressure constantly varies. The reason of this 
variation is intimately connected with the temperature of our atmos- 
phere. If we always had the same temperature on our planet, the 
atmospheric pressure (at the same elevation above the ocean's level) 
would be the same all over the earth. But let any portion of a column 
of atmospheric air become warmer than its surrounding parts, then its 
specific gravity (Less. II.) is diminished; it rises, as warm air always 
does, and passes away to other regions of the atmosphere. Now, the 
pressure of this column of air has been diminished because the density 
(Less. II.) of the column is less than before; and, accordingly, the mer- 
cury in the barometer fallsk When any portion of a column of air 
becomes cooler it becomes denser, and its pressurf is increased; the 
mercury in the barometer then rif«». 

Winds that are hot, and therefore light, make our atmosphere less 
dense, and thus cause the barometer to £EdL If, as is usually the case, 
they are charged with moisture, they bring us rain. Colder winds, 
however, will make our atmosphere denser, and thus cause the barome* 
ter to rise. 

Yiolsnt distnrbanees of the atmosphere, such as storms, cause the 
mercury to £adl suddenly. At present, by means of the electric tde- 
graph, we can anticipate these atmospheric disturbances, and guard 
against losses to shipping. 

Htnoe the use of the barometer as a weather prophet But as our 
weather depends, also, upon other circumstances, the prophecies of the 
barometer are not very reliable. 

The average amount of pressure of air at a temperature of 60 degr. F. 
is 15 pounds to the square inch. Supposing the surface of an adult to 
be about 2,000 square inches, the pressure of air continually exerted 
upon him is about 30,000 pounds. 
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LESSON XIII. 

BBVIEW. 

Lesson is. — 

1. Bodies tend to reswme their former shape after 
fheir parts have been displaced. This ten- 
dency is called blastioit7. 

8. If the displacing force is within the limit of 
their elasticity, bodies resume their former 
shape. . 

3. If BBYONB, bodies change their former shape. 

4. On changing their former shape, bodies may 

retain their cohesion, and are then said to be 
either malleable or ductile ; or they may 
lose it, and are then said to be bbtttle. 

LESSON X.— 

6. Air is cm elastic body; and the more we com- 
press it, the greater is its expansive force. 

LESSON XL — 

6. The air about us is constantly pressed upon 
by the higher strata of air; therefore, it 
tends to expand continually; and, being a 
fluid, it eixerts a constant pressure in all 
directions. 
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Lbsson xa.— 

7. An empty space wMcli contains no air is called 

a TAonuif . 

8. The pressure of the air is measured by means 

of an instroment called a Barometer. 

9* When the air of our atmosphere becomes less 
dense, its pressure is diminished. The mer* 
cury in the barometer then falls. 

10. When the air of our atmosphere becomes 
denser, its pressure is increased. The mer- 
cury in the barometer then rises. 

What force of nature is illustrated by the watch- 
spring? by gold leaf? by iron wire? by the div- 
ing-bell? pop-gun? barometer? 
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LESSON XIV. 

INSBTIA. 

81. ExPEBiMENT.— Place a piece of chalk upon 
a book, and move the book quickly sideways. 
The chalk drops to the floor without participating 
in the motion of the book, because the book is 
withdrawn from under it. 

Familiar Facts.— A com laid upon a card on 
the mouth of a bottle, drops into the bottle if the 
card is snapped off quickly. It falls, because its 
support, the card, has been removed from under 
it. Persons in a Twrse-car are thrown backward 
if it starts suddenly. These, and numerous other 
facts, attest that a body at rest remains at rest 
tmtU it is set in rnotion hy some force. 

32. ExPEHTMTCNT.— The motion given to the 
book, and to the card, was so sudden that there 
was not sufficient time for it to be communicated 
to the chalk and coin. Hence it was that these two 
bodies did not participate in the motion, but drop- 
ped, simply because they were left imsupported 
(Lesson I). Now move the book and the card 
slowly; the two objects upon them will partici- 
pate in the motion, and not fall. This shows that 
for a body to he set in motiony time is necessary. 
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Familiar Facts.— A. person miming down hill, 
a raUxoad train in motion, can not stop sud- 
denly. Take np yonr book with the chalk on it, 
move the book until it strikes against the wall ; 
the chalk will continue to move after the book 
has ceased moving. So do persons in a car which 
stops suddenly. A bell continues to ring for a 
time after it h^s been pulled. 

A hoot moves on a little if the action of the oars 
has just ceased. After stirring tJie coffee it will 
revolve in the cup, although the spoon has been 
removed. Do you recollect how, when sleigh- 
riding last winter, you came fljing down hill on 
your sleigh, and immediately went up the opposite 
hUl a short distance ? A rabbit can not run as 
fast as a hound ; but if pursued by the hound, he 
may, by suddenly changing his course to the 
'right or left, gaiu considerable advantage over the 
hound, who, not being prepared for the change, 
must first overcome his inertia before he can turn. 
From this we see that a hod/y once in motion^ re- 
mains in Taction wiMl stopped by some force or 
resista/nce. To stop fhe motion of a hody^ tim^e 
is necessary. 

Familiar Facts, — ^If a moving body meet with resistance so sadden 
as not to have sufficient time to stop, the consequences may be terrible. 
They are terrible to the body moving, if it can not overeoma the resist- 
ance. A rider, galloping, whose horse stops suddenly, flies over the 
horse's head, and is violently thrown to the ground. A frightful disas- 
ter is caused when, in its dashing speed, the locomotive of a train is 
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snddenlj arrested by an obstacle on the track. A boy who in nm- 
ning strikes his feet against a stone, fells with his fece to the ground; 
lor the upper part of his body continues moving after his feet have been 
stopped. For the same reason it is dangerous to leap from a train when 
it is in motion. 

If the body moving eaa OTtreom« the resistance, the consequences 
iriU be borne by the resisting body mainly. A stone thrown breaks 
through a window. An arrow plunges deep into the side of a horse; 
«nd a rifle ball whizzing through the air pierces the person against 
whom it strikes. 

Inertia may be said to he the indifference of 
matter as to motion or rest. 

Ajyplicdtion. — ^Fly-wheels. The switching-off 
of trains without a locomotiye. 

The story goes, that once there was a prince of one of the South Sea 
Islands who, when he..first saw himself in a looking-glass, ran round 
the glass to see who was standing behind it So we all would like to 
know the cause of everjrthing. The cause of Inertia lies dearly before 
n^ when we consider that it is the most natural thing for a body to 
lie perfectly still as long as it is undisturbed ; and, also, that it is quite 
natural for a body, if once set in motion, to move on forever, if there is 
no force acting on it so as to disturb that motion. Thus a bullet in a 
rifle would remain there forever if not acted upon by any disturbing 
force ; the cause of this state of rest is commonly called the Inertia d 
the ball, and in former times people thought that the ball possessed a 
special "property" of Inertia. Now, let the rifle be fired off; the ball 
will shoot forth, and there is no reason why it should not fly on without 
stopping, like the earth or the moon, provided there be no disturbing 
force* 
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LESSON XV. 

THE INCLINED PLANE. 

33. Experiment.— A ball lying on a book 
upon a table will not fall as long as the book lies 
in a horizontal position. But let the book be 
raised on one side, and the ball rolls down. It 
rolls down the faster the higher the book is raised. 
The ball presses with its whole weight upon the 
book ; but when the book is raised a little on one 
side the ball presses less, and begins to falL The 
higher we raise the book the less will the ball 
press npon the book, and the more rapidly will it 
descend. The surface of the book, when raised 
on one side, is an inclined plane. 

FamUiar Facts. — A wagon descending a steep 
hill need not be drawn by the horses ; it is checked 
rather, in order to prevent it from rolling down 
too rapidly. When ascending a hill, the horses 
have a more difficult task than on a level road. 
It is tiresome for us to ascend steq^ stairs. In 
loading wagons the skid is used. It saves much 
labor, if it is not placed too steep. If the wagon 
is very high, the skid must be quite long. The 
steeper an inclined plane, the greater the velocity 
of a hody descending on it; and the greater the 
force required to ascend it. 
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34 EzPBBD^^BNT.— Let an indined plane be 
formed by a board. (See Fig. 10.) Now it makes 
a great dlfferenoe whether the ball is rolled down 
from the middle, or from 
the top of the inclined 
board. Try both. The 
resnlt will be that the 
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ball, when rolling down from the top, acquires a 
greater velocity. A hod/y increases in velocity as 
the space increases through which it descends. 

85. ExPBBDCEKT.— Before the lower end of 
a grooved board place a ball. Then let another 
ball be rolled down the inclined plane, so that it 
strikes the first balL Mark the place to which 
the latter moves, and put it in its former position 
again. Repeat the experiment, having the upper 
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end of the board raised a little higher ; that is^ 
having the inclined plane a little steeper (Fig. 11). 
The ball rolling down will then cause the first ball 
to move farther, perhaps to a, and will strike it 
with greater force. This is owing to the greater 
steepness of the plane. We have seen that the 
velocity of a body increases with the inclination 
of the plane. The last experiment shows that 
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the greater the edacity of a body the greedier Us 
striking farce. 

Familiar Facts,— K bullet fhrown with the 
hand inflicts less haxm than one fired from a gun. 
A hay running slowly against a tree scarcely feels 
the shock ; while by running ^against it quickly, 
he might be seriously iigured. We throw a mar- 
hie in the air and catch it again without being 
hurt, but we should experience pain, if the mar- 
ble were thrown up very high. Hailstones may 
strike with force sufficient to break glass, and 
to destroy standing grain. A hoy jvmps easily 
from a fence, but would scarcely dare to jump 
from the top of a house. 

The descent of bodies on the inclined plane 
shows that they are not supported by it with 
their whole weight; if they were, they would not 
descend. To say they are not wholly supx>orted 
means: An inclined plane overcomes a portion 
of the weight of bodies upon it Hence its 

Application — 1. To overcome weigM: A road 
winding up a hill. A skid ; an obliquely-placed 
plank ; wedges and axes. 

2. To exert strong pressure : Wedges used in 
oil-wells, sugar-mills, &c., to press out the juice. 

3. To oTiercoTne coTiesion. Our knives, axes, 
hatchets, scissors, needles, nails, swords, bay- 
onets, saws, files, chisels, planes, plows, &c., &c. 
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LESSON XVI. 

THB LEYEB. 

86. ExPBBiMENT.— Balance a rod horizontally 
on a slate, supported between two heavy booksi 
The rod is in a state of equilibrium, because on 
each side of the point of support there is an 
equal amount of matter. Now, place the rod in 
such a manner that on one side of the support it 
shall be twice as long as on the other. The longer 
arm will descend, because it contains more mat- 
ter. Let us repeat this slowly. Observe, that 
in lifting the end of the long arm with the hand, 
it moves through a greater space than is passed 
through by the end of the short arm. The lengths 
of the two arms of the lever are in the ratio of 1 
to 2 ; and the space passed through by the end 
of the long arm is twice as great as that passed 
through by the other. Notice, also, that the ends 
describe these unequal spaces in the same length 
of time ; therefore, the end of tJie long arm of a 
lever Tuis greater velocity tJuzn the end of the 
thort arm. 

But it was stated before (Less. XY), that, owing 
to their great velocity, hailstones, although small 
bodies, could acquire great x>ower. So will any 
small weight or object, if it be given great veloc- 
ity. Apply this to the present case : 
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37. ExpBBiHBNT.— Place a heavy weight on 
the short arm of a lever. The greater th^ length 
of the other arm, the smaller may be the weight 
upon it requisite to lift the large weight on the 
short arm. The weight or pressure to be applied 
to the long arm for that purpose is called the 
Power. , Thus the small power, with the great 
velocity of the long arm, counterbalances the 
large weight with the small velocity of the short 
arm. A stiff bar made to tv/m on one point is 
a lever. 

The greater the length of one wrm of a lever^ 
the less potjoer needs be applied to that arm to 
lift the load on the other arm. 

Question. — ^What power is needed in a lever to 
counterbalance the load on the short arm ? The 
amount of power depends, evidently, upon the 
length of the long arm. If , as in the above case, 
it has twice the length of the short arm, the power 
needed to lift and counterbalance the load is on^- 
half the weight of the load. Thus, if a burden 
of 100 pounds is to be lifted by means of a lever 
whose long arm has twice the length of the short 
f|rm, a power of 60 pounds is required ; if four 
limes, a power of one-fourth, or 25 pounds. To find 
the power necessary to lift a load by means of a 
lever, divide the product of the load into its dis- 
tance from th^ point of support by the distance 
from the point of svpport to the place where the 
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power is to he applied. The qnotent = the poww 
required. 

The important points in a lever: 1. The point 
of support, or Fulcrum. 2. The load (or weight) 
to be lifted. 3. The power applied. 

In the lever illustrated above, as weU^ as in the 
applications given below, the order of these three 
I>oints is: Load — ^Fulcrum — ^Power. Levers ar- 
ranged in this order are called Levers of the First 
Class. 

Applicaiion.—ThQ Steelyard; Crowbars ; Pump- 
handles ; children teetering ; scissors and shears. . 



If, in order to lift a load, a laborer supports his 
crowbar on a stone ui>on the ground, and enters 
the short arm of the lever thus formed under the 
weight, his lever is one of the first class; why? 
But if he does not use the stone ; if he simply 
rests his crowbar with one end on the ground, so 
that the load comes to lie between him and the 
fulcrum (the ground), then the order of his lever 
is: Fulcrum— Load— Power ; and this constitutes 
a Lever of the Second Class. 

Application. — The nut-cracker; where its limbs 
are riveted together, is the Fulcrum ; the nut re- 
presents the load (in this case the load, or resist- 
ance, is to be crushed, not lifted); the power is 
where the hands are applied. We have here two 
levers combined. The oTuypping-hnife is a lever 
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of the same class. Where the knife is fastened 
is the Fulcrum. The object to be cat is the Load ; 
the Power is at the handle (in this case, too, the 
resistance is not a load to be lifted, but cohesion 
to be overcome). — ^Lemon-squeezers ; Cork-squeez- 
ers ; the Wheel-barrow ;^ the oar of a boat' 

The great progress of our age does not lie so 
much in the introduction of new forces of nature, 
of which there are but a few, but in the ingenious 
application of those few forces, and in their skill- 
lid combination into machines. One of the offices 
of machines is to communicate the effect of a force 
to bodies which otherwise could not be acted upon 
by that force. Thus, without the locomotive, the 
expansive force of steam could not communicate 
its effect upon a train of cars. 

The Lever is the simplest of all machines ; and 
probably, also, the most ancient. By means of a 
very long arm, it becomes a most powerful instru- 
ment. It is told of Archimedes, a Syracusan 
philosopher (about 260 years before Christ), that 
he offered to move the earth itself, if the king 
would give him a place to stand on. 

Bead on Levers, and The Art of Walkings in << Things Not Generally 
Known." 

t. The Fulcrum is where Ae wheel rests on the ground. 

2. The Fulcrum is where the oar rests in the water; the Load is Um 
boat. 
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LESSON XVII. 

THE PBiroULUM. 

88. ExPBBiHBNT. — (a.) The string by whicli a 
stone is suspended has a vertical direction (Less. 
I). If the stone is drawn a little to one side, the 
direction of the string will be slanting. On letting 
the stone go now, it will begin to move. Since all 
bo^es are drawn to the earth (Less. I), it will 
approach the earth as near as possible. When 
nearest the earth, it has again the vertical direc- 
tion. But the weight does not stop there; its 
inertia (Less. XIY) carries it onward *, being held 
by the string it does not fall to the ground ; it 
ascends, until gravity finally stops it Gravity 
not only stops it, but also pulls it down again. 
Noticing its downward course more closely, we 
see that it descends with increasing velocity. 
Inertia causes it again to pass by the lowest point 
of its path ; it ascends on the other side, stops an 
instant of time, and is then forced back again by 
gravity. Thus it swings back and forth for a 
certain time. Each swinging in one direction is 
called a vibration. The vibrations grow shorter, 
and observation shows us that, finally, they cease 
altogether. 

If, while the pendulum is vibrating, we beat 
time, it will be found that the same length of time 
is necessary for the shorter vibrations toward the 
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close of the experiment as for the earlier longer 
ones. Thus if the pendolam at first made sixty 
vibrations a minute, it will continue to make the 
same number during the same time, although it 
afterward passes through shorter arcs. 

The vibrcUion of the same pendvZwm^ whether 
its space is quite short or noty takes place in the 
same length of time. 

89. ExPBBiMENT. — (&.) Cut off fhree-foniths of 
the string. The pendulum is now shorter than it 
was before; it has only one-fourth the fcnrmer 
length. After it is set to vibrating, count the num- 
ber of its vibrations duribg a minute ; the number 
will be greater than that of the former pendulum. 
The reason of this is easily seen, if we suspend 
the shorter and longer pendulum, both, from the 
same point The shorter one descends on a shorter, 
but steeper, incline than the other, and, tfaerefoire, 
takes less time to descend. This shows that a 
short pendulum vibrates more quickly than a 
long one.^ 

I. A pendulum which is four timet as long as another will need 
twice as much time to perform one vibration; that is, it will vibrate 
twice as slowly as the other. Let one pendulum be mm times as long 
as the other, it will need tAtw times as much time (it will vibrate three 
times as slowly); or, it will vibrate Mir/ while the other vibrates iJktr€ 
times. Hence the times of vibrations of pendulums are to each other as 
the square roots of their lengths. Thus, if one pendulum has a length 
of 4, and another the length of 36, the former will vibrate fiister than the 
latter; the square roots being 2 and 6, the latter will require three times 
as much time as the other to perform one vibration — that is, if it vibrates 
once every fAree seconds, the former will vibrate once every one second; 
or, the longer pendulum will vibrate once in the same length of time 
that the shorter one vibrates tAree times. 
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The srim^pal applieation of the pendnlnm 

Ib its uae for the 
regulation of 
clockH. A clock iB 
required to ke^ 
good time. From 
the preceding, it is 
evident that a pen- 
dnlnm, hy its vi- 
liralions, whether 
It mores £ut or 
slowly, ^veB ns 
eq,nal ptntions of 
t time. But a pen- 
dulum will cease 
vibrating after a 
short time ; what, 
then, must be done 
to meet thia diffi- 
culty! Everybody 
™'"- knows that the 

pendnlnm stops when the clock has " mn down ■/* 
that is, when the weight has descended so £ar 
that it can descend no farther. The downward 
tendency of the weight, then, is sufficient to meet 
that difficulty; for while the pendulum alone 
would very soon cease vibrating, the descent of 
the weight lasts at least 34 honrs. (What is 
meant by winding up a clock!) Bnt the weight, 
after commencing to f^l, increases in speed (Les- 
son XT), and as the cord ftrom which it is sna- 
S 
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pended, passes lonnd an axle which canses the 
hands to move, the accelerated velocity would 
canse the hands to move fiaster and faster. To 
obviate this, the axle is connected with a wheel 
ol saw-shaped teeth (Fig. 13), which revolves with 
it, and above which swings a cnrved hook, A. A.^ 
cailed an escapement, whose two teeth work al- 
ternately in the saw-shaped teeth of the wheeL 
At every vibration of the pendnlnm, one of these 
two teeth stops the revolnlion of the wheel, and 
thus intermpts the descent of the weight. Now, 
rince the penda- 
Itun vibrates in 
ei^nal portions of 
time, the weight 
descends through 
egiial spaces in 
equal times. And 
since the weight 
descends through 
equal spaces in 
equal times, it 
turns the axle, the 
work, and the 
bands with uni- 
form velocity. 
Hence clocks are 

m&ced by the de- "»■ * 

scent of the weights, and regulated by the vibra- 
tions of the pendulum. (See Fig. 13.) 
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LESSON XVIII. 

OOHMTJNIOATING YXSSXLS — ^HYDBATJLIO FRBSS. 

40. ExpBBiHENT.-— Fit a piece of fhin board 

into a tumbler, so that it forms a partition divid- 
ing the inside of the tumbler into two spaces. 
The board should not touch the bottom of the 
glass, but be a little above it. Now pour water 
into the tumbler, and there will be two horizontal 
surfaces of water, each having the same height. 
Bemove the board, and in place of it immerse a 
wide glass tube. The two surfaces of water will 
again be of the same height 

FamUiar Facts. — The same may be seen in 

H _ imi ^^^ glass tubes of unequal 

width (Pig. 14) which are ce- 
mented into a base made of 
tin, and connected with each 

other by means of a tin tube 

0P""^^"UB1 {a). Also in a teapot. The tea 
^^'^ rises as high in the spout as in 

the body of the pot, and if the body were higher 
than the spout the tea would flow from the spout 
Hence, in pouring out tea, we lift the pot and 
lower the spout 

41. ExPBBiMENT.— Take a tube made of glass 
or tin and bend it so that one limb be very short, 
I>erhaps, only one-twentieth as long as the other, 
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and let the- opening of the short limb be drawn 
ont fine (Fig. 15). Thei^ponr water into the 
long tnbe, holding the short one closed with 
the finger. On removing the finger, water 
will jet forth. Thns we have a fonntain on 
a small scale. If the short tube were tall 
enough, the water would rise until it stood 
at a level with the water in the other tube. 
There being no more tube, however, the ' 
water rises in a jet, but not to that level, 
because there is friction, and because the 
returning drops depress the rising jet. 

Familiar Facts. — Cisterns, offices, dwel- 
ling-houses and factories are supplied with 
water from large elevated reservoirs. 

Vessels connected vMh each ofhsfy so tJuzf at 
liquid can pass freely from one into the other ^ 
are called Oommwnicating Vessels. 

Why may water pix)es under ground be said to 
be communicating tubes t 

42. ExPBRDCBNT.— Take a cylindrical tinyei- 
sd (about five inches high), with a 
neck, 5, perfectly cylindrical (Fig. 16), 
into which a cork can be fitted tightly, 
and with small holes in the sides of 
the vessel as well as in the upper 
(tapering) part These openings are 
carefully closed with beeswax, the 
vessel filled with water to the very 



no. 




nG«M. 



HYDBAULIO PSBSS. 69 

adge of By and the cork set on the neck. If the 
cork ifl then driven in by a sudden blow with the 
hand, the water jets forth from all the openings 
rimnltaneously. This will not take place, if the 
yessel be fiUed with fine sand. The pressure 
which we gave to the water in the neck was com- 
municated to the larger body of water in the ves- 
sel. The effect of that pressure was great, much 
greater than the original pressure upon the liquid 
in the neck ; it was as many times as great as the 
surface of the water in the neck is contained 
number of times in the cross-surface of the large 
body of water. 

The force of a pressure brought to hear upon a 
smcbll portion of a liquid^ is transmitted egtiallp 
{or undiminished) to aU parts of the liquid {in 
tM directions). 

Supposing, now, the bottom of the tin vessel 
liad merely been telescoped in the vessel. The 
pressure given to the water in B, would evidently 
have forced the bottom out; and the bottom 
would then have exerted a pressure upon any 
zesisting object in its way. 

Application. — ^Advantage has been taken of 
this in a machine called tiie ^' Hydraulic Press," 
invented in 1796 (Fig. 17). By means of a lever 
(of the second kind) a pressure is exerted ux>on 
the water in the narrow tube, A. This pressure 
is communicated to the water in the wide tube, c, 



70 ITSBT LESaOHS VX PHTBI08. 

fordng the movable cylinder, B, to ascend. Bales 
of cotton, or any other object to be compreaaect, 
lying on the plate, and prevented from yielding 
by the fixed plate, P, are thus compressed with 



enormous force. For If the surface of the wabet 
in the cylinder be 100 times that of the water in 
the narrow tnbe, and if the pressure applied to 
the liquid in the tnbe amoxmt only to 60 ponnds, 
the pressure exerted upon the bale of cotton wUl 
amoont to 6,000 ponnds. Bat since the poww 
appUed by the hand may be increased tenfold 
with the advantage gained by a longer lever, the 
amount of pressure may easily be raised to 
60,000 pounds. It can be forther increased by 
steam-preasore so tb&t the force of pressure ma^ 
amount to over a million ponnds. 
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LESSON XIX. 

BHBATHINa.— ^l^OB BBLLOWS. 

43. ExpEfiiMEKT.— If a glaM tube be placed 
with obe end in water, we can cause the water to 
rise in the tube by sucking it up with the mouth. 
This ^ the reason for it : We draw the air which 
is in the tube, into the mouth ; a vacuum (Lesson 
XTTT)is thus created, and the pressure of the ex- 
ternal air upon the water forces water into the 
tube. 

FamUitJM' FacU.—lnstMd of water we may 
draw up air alone ; this is done in breathing. We 
enlarge our lungs and the cavity in our chest 
(Lesson n, p. 16) ; by this, the air in the chest is 
rarefied, and the external air, by the pressure of 
the layers of air above it, forced to rush into the 
chest. This process is called Inhalation. During 
the process of Exhalation we contract the chest, 
and the air must rush out Jf we immerse a pail 
in a pond, and fill it with water, the moment the 
pail is drawn out again, the water rushes in and 
occupies the space where the pail was before. In 
the same way. 

Air rushes irdo a vacuvm^ or into cmy space 
containing ra/refled air. 



\ 
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A very nsefol a/pplication of the pressure of 
air is the Bellows, an instroment for blowing fire. 
It consists of a space enclosed by two boards 
opposite each other, which are united around the 
edges by a wide strip of leather. In front, this 
space opens in a narrow tube. In one of the 
boards is a hole closed by a valve. A valve is a 
lid over an opening which admits a fluid into a 
space, but prevents its return. When the bel- 
lows is drawn out, the air inside is rarefied. The 
external air now seeks to rush in, but it finds no 
other way than through the valve ; this it opens 
and instantly fills the extended bellows. When 
the bellows is drawn in, the idr inside is com- 
pressed, and its expansive, or elastic, fc^rce (Les- 
son X) being greatly increased, it presses against 
the inner sides of the bellows, and, in doing bo, 
(doses the valve. There being no other egress, 
the air passes through the tube in front into the 
fire. 

On the same principle you may explain Drink- 
ing and Smoking. 
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REVIEW. 

Lbsson XV. — 

1. The steeper an inclined plane, the greater the 

velocity of bodies descending on it ; and the 
greater the force required to ascend it. 

2. A body increases in velocity as the space in- 

creases through which it descends. 

8. The greater the velocity of a body, the greater 
its striking force. 

Lesson xvi. — 

4. A lever is an inflexible bar made to torn about 
a fixed point 

6. When moving, the end of the long arm (where 
the power is applied) has greater velocity 
than the end of the short arm where the load 
is attached. 

6. The greater the length of the long arm of the 

lever, the greater becomes its velocity ; and, 
consequently, the less power needs be ap- 
plied to lift the load. 

7. To find the power required to lift a load by 

means of a lever, divide the product of the 
load into its distance from the point of snp- 
port by tJie distance between the point of 
support and the place where tJie power is to 
he applied. The quotient is the Power. 
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LESSON XX. 

OOHHOIT PUXP. 
44. EZPZKDCKNT. — Twataail gf ImmeXlillg flw 

end of a glass tube, as we did in the preoediiig 
lesson, let us dip a syringe into water. On draw- 
ing np the piston^ by means of the piston-Tod^ the 
liqmd is seen to rise in the 
syringe. This is explained 
by the law given in the pie- 
ceding lesson, for the piston 
being air-tight, it leaves, as 
)it rises, a vaonnm below it, 
* which is eageriy filled hj 
the water. Bat what causes 
the water to rise! Theanswer 
< is: ThepresBoreof aironthe 
snironnding water. 

A^lication.— Oar pomps. 
They act on the same princi- 
ple. When we look at a 
V'onKP (^- IS), the first thing 
t^t strikes our eye is the 
cffliTidery or barrel, O, the 
spout, 8, and the letter, or 
handle, H. The lower part 
■i«,ii. of the barrel, P, is called the 
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iueti^m-pipe ; it is submersed in the water per- 
pendicolarly. Inside of the biprel works a piston 
Oy which fits air-tight, and can be moved up and 
down by means of the piston rod to which it is 
attached. It is pierced with a hole, and the hole 
is covered with a valve, t), which moves upward. 
The piston-rod is connected at the top with the 
lever H. 

When the handle of the pump is drawn out, 
and has arrived at its highest point, the piston is 
at its lowest, near the water. If, then, the handle 
is moved to the left (See Fig. 18), the piston is 
raised,; the valve v is now closed, because the air 
above it presses down upon it, and because a par- 
tial vacuum has been created below the piston. 

We must now turn our attention to another 
valve, Aj which is situated between the piston 
and the surface of the water in the reservoir (in a 
manner such that the piston, when at its lowest, 
rests upon it), and which, also, opens upward. 
When the piston rises j this valve is opened, be- 
cause the air below it— that is, the aar between it 
and the water— expands in order to fill the 
vacuum caused by the withdrawal of the piston 
(Less. XIX, p. 71). The air ascends into the space 
between the lower valve and the piston, and, ac- 
cordingly, is now rarefied air. But the air below 
that valve is likewise rarefied, and as such (Less. 
XIX) it has lost a large portion of its expansive 
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force, and does not press upon the water in P m 
much as the air over the water outside of the 
suction-pipe, b^F F. As a ^nsequence of this, 
the water within P is forced to ascend. Then tb« 
piston is lowered. The valve A now closes of its 
own weight; a portion of air escapes throngb 
valve D. On raising the piston-rod the second 
time, more air is withdrawn from the suction- 
pil>e ; water commences rushing up, and ei^ter s 
through valve A. On lowering the piston again, 
it descends into the water, and from this mo- 
ment all the air below the piston is expelled. 
Some water is now above the piston, and the 
lower valve again falls of its own weight. Hence- 
forth, whenever the piston descends^ a large quan- . 
tity of water passes through the piston-valve v ; 
whenever it riseSj that quantity of water remains 
on top of the piston-valve. Afterward, at every 
rise of the piston, the water above it flows out 
through the spout. 

The great principle of the pump is the fact, 
that the pressure of air wpon a body of water^ 
forces the water to rush up into a HAUSfuv/m thai 
has been formed above the water in a tube com" 
municating with thai bod/y of waier. 

Stad " rjk€9ry 0/Fump,** p. 067, in «mimgs not Generally Known." 
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LES*30N XXI. 

TOBOINa PDHP.— BlBS-BKaiNX. 

A oommon pnmp will not raise water higher 
than about 33 feet The reason of this is, the air 
over the water can not exert a greater pressnre. 
In Older to elevate it to a greater height, the Foro- 



ing Pumvp is used (Fig. 19). It is oonstnioted on 
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the same principle as the Common Pnmp ; it dif- 
fers from the latter in the following ttiree points : 

1. The piston of the Forcing Pomp is not pierced. 

2. In place of the spout there is a tube at the 
lower part of the barrel, which leads to tide place 
where the water is to be carried. 8. That tnbe 
contains a valve, ffy which opens outwardly. 

When the piston P is raised this valve is closed; 
thus the air below the piston becomes rarefied, and 
water is forced through the lower valve 7i\ the 
same as in the common pump. When the piston 
descends^ the lower valve is closed on accoxmt of 
its own weight ; the water above the valve v^ is 
tilien forced through valve 7^ into the tube, from 
which it can not flow back. (Why not ?) 

The Fire-Engine 

Consists of a Heron^s Fowatain (Lesson X) and 
of two Forcing Pumps to pump water into it 
Both pumps stand in a large box filled with 
water. Two iron levers (called brdkes) L and L\ 
work the iron piston-rods P and P'. A wide 
cylinder, N^ stands between the two pumps. It 
contains water, and a metallic tube which nearly 
reaches to the bottom and is open at the top. 
This cylinder acts like a "Heroes Fountain," but 
in the Fire-Engine, and in other pumps, it is 
called Air-cTiamher. The tubes of the Forcing 
Pump enter the air-chamber ; each has a valve 
opening outwardly. 
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When A, one of the pistons, Hses, the valve ot 
tabe B is closed by the pressure, which the air 
over the water in the ^-chamber exerts. Water, 
at tiie same time, enters from the box through 
the lower valve C into the barrel of the pump. 
Why I When the pieiton E descends, the lower 
valve D closes of its own weight, and water is 
forced into the ^-chamber thiongh the valve' 
of the tnbe -7*. After oontiniied pumping, the 
water in the lur-chamber has risen so high that 
it has concentrated and compressed the air into 
a much smaller space. But from Lesson X we 
see that the more we compress air, the greater its 
expansive force. Hence it is evident that the Jet 
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of water sent forth firom the metallic tabe is sent 
torOi by the expansive force of the compressed 
air in the air-chamber. There being two pmnps, 
the Jet is continuous. 

Give the difference between the Common Pump 
and the Forcing Pump. 

Also, between a Hero's Fountain and the Air^ 
Chamber of a Fire-Engine. 



The Ckimmon Pomp and Barometer Compared. 

Four points in common : 

1. Both have a ttU>e or cylinder. 

2. Both have a txicuum. 

3. In both the liquids rise in consequence of 
tJie pressure of air. 

4. In both, the liquids can not rise higher than 
the (nwpacity of that pressure permits. 

Seven points of difference : 

1. The Baa-ome^ has a glass tube; pumps 
usually have iron cylinders. 

2. The barometer-tube is closed above the vacu- 
um ; while in pumps there is a vaZve above the 
vacuum. 

8. The vacuum in the pu^np can never be made 
as perfect as that in the barometer. 
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4. In the pimp, the vacuom must first be pro- 
duced; in the barometer, the vacuiun, once estab* 
lished, remains. 

6. The liquid in the harometer is always mer- 
cary; in the pvmp it may be water, oil, vinegar, 

6. In the ha/rMMter neither spont nor lever is 
required. 

7. No graduated scale is attached to the pump. 

8. The liquid colxunn in the barometer usually 
stands no higher than 80 inches. The liquid col- 
umn in the pump stands higher than that in the 
barometer as many times as its specific gravis 
is smaller than that of mercury. Let the specific 
gravity of water be one-thirteenth that of mer- 
cury ; then will a common pump raise a column 
of water 13 X 30 = 390 inch. = 32 J feet high ; how- 
ever, it never does so in reality, for it is impossi- 
ble to obtain a perfect vacuum in a pump. 
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LESSON XXII. 

BBYIBW. 

Lbssokxtil— 

1. The yibrati<m of a pendiilTiiD9 whether its space 

beqnite short or not, takes place in the same 

length of time. 

3. A short pendolnm vibrates more quickly — 

makes a greater number of yibratU>n9 in the 
same length of time — ^than a longer one. 
8. In Clocks the motory force is the force of 
Gravity ; in Watches (and in clocks without 
weights), the motory force is the force of Elas- 
ticity. 

4. In Clocks the motion is regulated by the Pen- 

dulum ; in Watches by the Balance-spring. 

Lbssok xvm. — 

6. Vessels connected with each other, so that a 
liquid can pass freely from one into the other, 
are called Communicating Vessels. 

6. The force of pressure upon a small portion of 

any liquid is transmitted equally and xmdi- 
minished to all the parts of the liquid in all 
directions. 

Lbsson six — 

7. Air rushes into a vacuum, or into any space 

containing rarefied air. 
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Lbssok XX. — 

8. If there is a Fluid between a vacatim and 
the air, the pressure of air will force the 
Fluid into the Vacuum. Thus water or mer- 
cury rushes into a vacuum formed over a part 
of its surface, because the pressure of air 
upon the remaining portion of its surface 
forces both to do so. (Pumps and Barometer.) 



9. A stone on a support, a weight suspended by 

a cord, are at rest. They may remain at rest 
during thousands of years. The force of 
gravity in them is also at rest But as soon 
as the support is withdrawn, or the cord 
lengthened but the hundreth part of an inch, 
they begin to move. Then the force of gravity 
in them may be said to do warJc. That work 
is called Motion. 

10. An elastic spring may be compressed, and 
may remain so for thousands of years. Dur- 
ing this time the force of elasticity in it does 
no work. But withdraw the pressure^ and 
the spring commences moving. Its motion is 
the work done hy tJie Force of Elasticity. 

11. Motion is a mcmifestcUion qf the v>ork done 
hy a Force J and is always accompanied by a 
change of place. 

13. a. A body on an incline (Fig. 10) will not fall ; 

b. A pendulum (Fig. 13) will not vibrate ; 

c. The long arm of a lever will not move ; 
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d. The water in the wide tube of a commimi- 
eating yessel (if by means of a stop-cock 
shut-off from the narrow tabe) will not flow 
into the narrow tube (Fig. 14); 

e. The air oatside the bellows will not ent» ; 
/« The air over the cistern of a pump will not 

force the water up (Figs. 18 and 19), 
— So long as the force of gravity (in e and / 
the force of elasticity) does no work. But 
from the moment that the rope at the top of 
the incline, to which the body is fastened, is 
cut; from the moment that the pendulum- 
weight be drawn to one side ; that the long 
arm of the lever be provided with additional 
weight ; that the stop-cock in the communis 
eating-tube be opened ; that the bellows be ez^ 
tended ; that the piston of the pump be moved ; 
—From that moment Work is done and Mo- 
tion produced. 

18. The effect of the Force of Gravity is Pe^. It 
ptiUs all bodies to the earth. The effect of 
the Force of Elasticity is Push (pressure). 
These effects disappear when work is being 
done by the forces ; tTie forces are then con- 
verted into Motion. 

14. The motion of masses is produced by the 
work which their forces perform. The mo- 
tions of the human body are work which its 

forces perform. When its forces cease to labcv, 

Death takes place. In naJtwre dXL is Motion^ 

Life amd Ldbor. 



80X7ND. 86 



LESSON XXIII. 

SOUND. 

FcmiUaar Facts. — WDJsa an eleotric spark 
leaps over, its passage is followed by a crackling 
noise, and the passage of lightning through air 
is followed by thunder. The blow of a whip in 
the air is also accompanied by a crackling noise ; 
and a pencil, when it falls upon the table, pro- 
duces a sound which we hear. So does a stone 
thrown into the water, a book dropped upon the 
floor, or the hand rapping at the door. Now, if 
the whip had not moved through the air, nor the 
pencil upon the table, nor the stone into the water, 
nor the book on the floor, nor the hand against 
the door, no sound would have been produced. 

Bownd is caused hy fhc motian of a body (or 
mass). 

46. ExpBBDCENT.— ^iiert the Blade of a knife 
between the horizontal Joints on the side of a 
desk, or table ; take the free end of the handle, 
press it downward as far as convenient, and then 
let go : a noise will be heard, and the knife will 
be seen to move up and down very fast until it 
comes to rest This is a swinging, vibratory 
motion, similar to that of the pendulum of a clock. 

46. Experiment.— Let a few drops of water 
fall into a tumbler filled with water. After first 
striking the surface, each drop will rise and t|ien 
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fiUl again. This Tibtatory motion is commiud- 
cated to the remaining water. The watei shows it 
in the ciroolar elevationB (lings) round the point 
of contact. Thus the motion of the knife, as well 
as that of Uie water, is a ribratory one. 

PcamQiaT ^actg.—A TUnAtory motion may be 
heard and felt, when a door is slammed or a gun 
fired off. A body is first set to vibrate, then it 
oommnnicates its own vilwadons to the air around 
it, and the air in turn transmits its vibralions to 



the ear. In water, the vibrations are rings ; in 
tix, hoHow spheres of compressed aix, lUtemating 
with hollow spheres of rarefied air. No sound is 
heard if the vibrations are too foint, or too tax oO 
to reach the ear ; or if one is dea£ 

Familiar Facts. — That the Bonndiiig-board 
of a piano vibrates while the instrument is being 
played, may be seen if a pin or other small body 
be placed on it Blowing into a pipe sets the aii 
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Tibratmg. In windy weather the church-bells of 
a city may be heard farther off than nsual^ at a 
place which lies in the direction of the wind; 
while at a place nearer by, but in an opposite di- 
rection, they may not be heard at alL 

Bcfvmd is caused by the vibratory motion of a 
body. 

11 a cannon is fired off at a distance of about 
1100 feet, the flash is seen instantaneously, but 
the report will be heard a second later. At twice 
that distance, the report will be heard two sec- 
onds later. From the time which elapses between 
the flash of a gun on a vessel in distress, and 
the hearing of the report on the shore, the dis- 
tance of the vessel may be found. Thus, if ten 
seconds have elapsed, the vessel is about 11,000 
feet, a little over two miles, distant The distance 
of a thunderstorm may be ascertained in a like 
manner, by counting the seconds that elapse be- 
tween the lightning and the thunder following it 

Sotmd moves at the rate of about 1100 feet a 
second. 

Question. — ^1. What causes the noise when a 
piece of paper is torn? 3. What, when a piece 
of wood is broken! 8. What, when a whip is 
cracked? 

BmUI **fVbmlert cf AeaustUs^** in Ulttstrated Library of Wonders. 
BmA **Th€ Ear*" in "Human Body**— must Library of Wondera. 
'Smlk''S$mtdimdEchoit,'*^^^'ml^saB^ not GeneraUy Known. 
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LESSON XXIV. 

SVAPORATION — VOQ—OLOVDQ — ^RADT — SNOW 

HAIL — DBW — ^FBOST. 

Water is one of the most necessary elements in 
hnman life. By the Hindoos and other pagan 

nations, it was revered as a Deity; and the 

masses of bleached bones lying aronnd the few 

wells in the desert, show that during great heat 

the want of water may be death to the traveling 

caravans. 

FamUiar Facts. — MdMcure on a slate or on 
a piece of paper will disappear very soon* 
Water in a tumbler, exposed to the air, constantly 
diminishes, until finally none is left The water 
in streets, cisterns, ponds, and rivers gradually 
disappears. When water thus passes off into 
the air, we say it eoaporates. Evaporation takes 
place only at the surface of liquids. 

By evaporation water is changed into a^queous 
taper (the aeriform state of water). 

Familiar Facts.— la snmmer our breath is in- 
visible; not so in winter, because it cools off 
immediately after leaving the mouth. In warm 
weather the vai>ors rising from rivers, swamps 
and lakes, are invisible. There may be a great 
quantity of vapor in the atmosphere, and yet the 






vapor not be seen. When the air near the earth 
is cool, the vapor becomes visible, and then we 
call it Fog. Aqueotis vofpor (warm, moist air) 
coming in contact with cool air^ forms Fog. 

The vapor may not be perceived below, but 
become visible higher up in the atmosphere. 
This takes place especially when the warm, moist 
winds (south or southwest winds) come in contact 
with colder (north or northeast) winds. The va- 
por then forms clouds. 

Fog is clouds near the earth. Clouds are fog 
in the upper regions of the air. 

Familiar Facts. — ^A piece of ehalk, a piece of 
earth, a lump of coal, drop quickly ; but dust, 
soot and finely powdered chalk, descend very 
slowly. The minute water-bubbles of which 
clouds and fog are composed, may float in the 
air for a leng^ of time. Being filled with air, 
their specific gravity permits them to do so. 
Bemember that soap-bubbles may do the same. 
But when aqueous vapor comes in contact with 
cold air, its bubbles collapse. Then they form 
drops and descend as rain. On their passage 
through the air, these drops, small at first, in- 
crease in size, because they meet with more aque* 
ous vapor in the air, which condenses upon thenu 
The higher up the clouds, the greater the rain- 
drops. (Why ty .Rain i» con^Zen^^^ oQ^t^aotM t)apor. 
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In winter, the aqueous vapor in the atmosphere, 
instead of condensing, freezes asxd forms minute 
crystals. These increase in size cm their passage 
through the air, because more of the frozen vapor 
settles upon them, and reach us as snow-Jlakes. 
SrOno is frozen aqueofws vapor. 

On stormy summer-days, stones of ice some* 
times fall from dense clouds, having an opaque 
kernel and a transparent rind. They may be dis- 
astrous to green-houses and to the crops They 
are called HaiV-sUmeB. But it is not known why, 
in summer, such cold can be produced as to freeze 
water, for HaU is^ perhaps j frozen rain. 

Familiar jPVkc^.— Inhabited rooms contain 
much aqueous vapor. A part of it is exhaled 

from our lungs. If, in summer, a tumbler is filled 

with cold water, it becomes cold ; the aqueous 

vai>or in the air around it cools off, condenses, 

and forms drops of water all over the glass. If^ 

in winter, a cold tumbler is brought into a warm 

room, the vapor around the glass condenses, and 

forms, likewise, moisture on the glass. Axes, 

iron safes and soda-fountains are vulgarly said to 

<< sweat'' Moisture is deposited when a person 

breathes against a window-pane. The aqueous 

vapor of heated apartments condenses on the cold 

window-panes and may run down as water. 

Aqueowi vapor is condensed into water when 

in contact with cold bodies. 
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FcmUioT Facts.— ThiMb glistening dew-drops 
which you have so often admired in the early 
morning-son, originate in the same manner. In 
clear weather, the objects on the ground cool off 
during the night ; and at the same time the aque- 
ous vapor in the air about them is condensed. 
Grass and leaves, in general all pointed objects, 
cool more quickly, hence they have the most dew. 
If the sky is cloudy, the clouds act like a screen ; 
they throw the heat back to the earth. Then the 
objects do not become sufficiently cold and no dew 
is formed. Sometimes there is no dew, and yet 
tiie sky is serene ; this is owing to winds, which 
bring warmer air to the objects so that they can 
not cool off sufficiently. As rain is aqueous va- 
por condensed in the air, so Dew is aqueous vapor 
condensed on solid bodies. If, during the night, 
objects cool off to a greater extent, the dew which 
is formed, freezes. We call it then Frost, 

Frost is frozen dew . 

BMd ** Lakes, S^ngi, Rain, De», Ice,**m ''The Earik and its 
Wcmders." 

Bead ''Atmosphere, Ocean, Rivers, Waterfalls, in **The Sublime in 
Nature." — Ulttstrated library of Wonders. 

Bead *'Dew and Water-vapor^^^ in "The Phenomena and Lairs of 
Heat"— IBnstrated librarx of Wonders. 



93 IIBST LBSSOirS IK PHTSIOS. 



LESSON XXV. 

HBAT. — OONDUOnON OF HBAT. 

47. EzPBBDCBirr.— Strike a piece of flint and 
steel together ; sparks will fly ofT. 

Familiar J^ocfo.— On a stone payement, at 
dnsk, sparks may be seen when we are walking, 
or when a horse is galloping. In these cases, 
iron (the naUs) has forcibly stmck against stone. 
The sparks which we see, are minute particles of 
iron, or steel, which have been heated to redness 
by friction. 

48. ExPEBiMENT.— Bub a key, or a copper coin, 
<m the floor. It will soon become heated. 

49. ExpsBDCBKT.— Try to ignite a match by 
rubbing one gently on a piece of smooth glass. 

It will not bum, because there is insufficient fric- 
tion; it merely glides over the smooth surface. 
But if rubbed against a rough surface, such as 
the floor or a brick, the match presses against the 
projecting parts of the rough surface and, owing 
to the friction thus produced, it becomes heated 
and ignites. 

Familiar jPacf^.— Wagon* wheels hare so much 
friction at their axles, that unless properly 
greased, they may be set on fire. He that lets him- 
self down by a rope has his hands blistered. On 
a cold day, we sometimes rub our hands together. 
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Saws and augurs, after being used, feel hot; a 
piece of India-mbber, warm. This shows that 
Friction produces heat. It shows, also, that Mo- 
tion map be converted into heat; tot friction ia 
motion arrested. 

Familiar Facts.— Bj holdixig our hands near 
to a heated stove they become warm. Heat of 
the stove passes first to those i>arts of the hands 
nearest the stove; then it gradually passes to 
the parts next ; and so on, until all the parts of 
the hand are heated. 

60. ExpsnncBNT.— Hold a short wire in the 
flame of a burning lamp. It will be felt, that 
even the part of the wire which is not in the 
flame, is heated ; and that the heat increases so 
that we must soon drop the wire. It is plain 
that the heat of the flame was imparted first to 
one end of the wire, and that it was communi- 
cated successively to the remaining parts of the 
wire. This shows that Jffeat may he commwnU 
cated by passing successively from any part of a 
body to the remaining paais. This coTnmv/nica- 
tion is called Conduction of Heat. 

61. ExPBBiMBKT.— Hold a taper, a straw, or a 
thread in the fiame. It may bum quite near your 
fingers without hurting them. 

63. EzPBBDCEirr.-t'Tkdce up the wire again 
(60 Exp.), but wrap a strip of paper, or cloth, 
around the end in the hand. If held into the 
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flame again, there is scarcely any heat felt Tea- 
pots and soldering-irons have osuaUy wooden 
handles. Why t 

Metals we good conductors of heal. Paper^ 
iDoodj cotton^ woolyfuryfeatherSj ashes j snato^ice^ 
straWi and air^ are bad conductors of heat. 

63 ExpsBDCBNT.-— Flaoe a wire and a piece of 
wood upon a heated stove, and let them remain 
there for a while. Both receive the same amount 
of heat ; yet, if touched with the hand, tlie wire 
seems to be the warmer. This is owing to the fact 
that, being a good conductor, it instantly imparts 
all its heat to the hand. If you touch a cold iron 
bar, it instantly takes heat from the hand, and, 
therefore, seems cold. 

Qaestions. — ^1. Why may ice be kept as well 
in a feather bed as in an ice-chest ? 

2. Why do mittens keep the hands warmer than 
gloves with fingers ? 

3. Why does iron feel cold in winter, and warm 
in summer? 

4. Why are steam-chests and steam-cylinders 
often covered with wood ? 

6. Why are the walls of safes often filled with 
fine ashes ? 

6. Why do wide garments keep us warmer than 
tight ones ! 

7. Why are frame houses warmer than stone 
houses f 
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AypliOft t ittn of Gondvetljif tnlntinoMi 

/. Good Conductors, — ^They oonduct heat very rapidly, and, therefore, 
they are applied in order to diffuse heat quickly. Thus, to boil water 
and roast meat, iron vessels are used. Iron stoves are heated in very 
little time. 

//. Bad Comd$ietor»*-^Tbef oondnct heat very slowly, but they also 
part with it slowly ; for this reason we i^ly them to ntaim heat 
They serve to prevent a tuarm body from cooling off^ and a cold body 
fivm becoming heated. 

Familiar Pacts.^Vt we wiih ti mam a tmbler «i a heated itoTe, 
a piece d paper should be placed between the glars and stove; other- 
wise the glass may crack. In winter, i»eoe8 of heated fMw/ are laid in 
sleighs to keep the feet warm. Boards are placed on pavements, and 
horsemen like to have wooden stirrups, because wood does not withdraw 
Hat warmdi from the foot 

Cotton quilto, woolen garmenta, blanketo aad tart keep the body 
warm in winter ; they neither allow the warm air surrounding the body 
to pass ofl^ nor do they permit the cold external ahr to enter. In cold 
countries animals have very thickyWy some in our latitude have thicker 
fixr in winter than in summer. Northern birds have thick feathers. 
Feather beds are in favor with persons fond of sleeping very warm. 
Blast-furnaces are sometimes provided with double walls, and the space 
between is filled with ashes. A cover of snow retains the heat of the 
eardi; thus it protects the winter grain firom the cold. The Esquimaux 
build themselves huts of snow and ice. Tender trees, vines and pumps 
are covered with straw in winter to protect them against the cold. Ice- 
houses are thatched with straw, and their walls filled with saw-dust, to 
prevent heat from entering. Double windows are used in some houses, 
because the layer of air between them prevents the cold air firom enter- 
ing and the heated air fixsm going out 

Bead ''Heat,'' by J. Abbott Harper & Brother. 
Bead " Sources of Heat,'' in The Phenomena and Laws of Heat 
Bead <<(rAN/ii»^^A/CVvM/firibfy,"mThePhen. and Laws <^ Heat 
Bead " Woolen Clothing,"^ 996, hi Thmgi not Generally Known* 
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LESSON XXYI. 

PBATTOHT. 

64. EzpsBDCBNT. — Shreds of cotton, or small 
strips of paper, held oyer a heated stove or regis- 
ter, or over a lamp flame, will move upward, and, 
if let go, they will ascend. The air above the 
source of heat is heated. From the £eu^ that boil^ 
ing water runs over, and from a great many other 
facts (Less. XX VII), we know that heat expands 
1x>dies, and that heated air is expanded, and thus 
takes up more space than before, and, therefore, 
has less specific gravity (Less. II) than it had 
when cold. Now, as air rises in bubbles through 
water, so does heated air ascend in currents 
through the colder air. 

S5. ExpsBiHENT.— Insert one end of a rod 
upright in a cork, and stand the whole on a 
heated stove or register. Suspend from the top a 
band of paper, cut in the shape of a spiral , the 
upward current of hot air will cause it to revolve. 

66. ExpsKDCBNT.— Bring a thermometer near 
the floor of a room; then, near the ceiling. It will 
be seen that near the ceiling the air is warmer 
than below. HeaJbed air rises. 

Why do balloons, smoke and steam rise t (See 
Lesson 11.) 



67. EypERTVKNT.~H a window in a heated 
room be ox>ened abore and below, the flame of a 
burning candle, held in the opening above, will 
be blown from the room ; if held in the opening 
below, ifUo the room. 

jFumUiar Facts.--Tbib same may be observed 
with cotton shreds in place of the flame. This 
shows that the colder air from out-doors rashes 
into the room from below, while the heated air d 
the room flows out above. The colder air is con- 
fined to the lower parts of a room, because it 
has greater spedflc gravity than heated air« 
Wherever a fire is burning, a current of air, Ot 
dratbgMy is produced. A draught is also noticed 
when passing from the sun into the shade, for 
where the sun shines, wanner air ascends, and is 
replaced by the colder air from below. Chimneys 
serve to increase the draught, because they en- 
close a tall column of heated air, which has less 
specific gravity than the outer, colder air. The 
latter presses in with increased force proportion- 
ate to the height of the chimney. If a handker- 
chief be tied around the smaU openings under 
the burner of a lighted lamp, the fiame will be 
extinguished. The same happens, also, if the top 
of the chimney is coverod with a piece of glass ; 
in this case the draught is stopped because the 
heated air can not pass out, and consequently no 

fresh air come in. 
7 
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Heated air tisee; colder airflows in to take its 
place. 

Familiar Facts.— Veu heated gronndt the 
air ascends and is replaced by colder air. This 
causes our atmosphere to be in constant motion* 
The currents thus prodooed are called Winds. 

Applioaiion. — Chimneys (in lamps, stores^ fao- 
toriesy Ac^ Ac.) Ventilation of rooms and halls. 

BMd **Drttught and VmtUatim^^^ p. 869» in Things not Generally 
Known* 

BMtd " Winds and Currents^ '* p. 279, in Things not Generally Known. 

BMtd "Z^Mf the Sun Influence a Fire,** p. 267, in Things not Gen- 
, orally Known. 



REVIEW. 

Lbssok xxtv. — 

1. Heat changes liquids into Vapors. Vapor of 

water is called Aqueous Vapor. The process 
is called Eraporadon. 

2. Aqueous vapor coming in contact with cool 

air, forms Fog. Fog is clouds near the earth. 
Clouds are fog in the higher regions of air. 

8. Aqueous vapor, in contact with cool air, forms 
Fog; in contact witli cold air, Rain; with 
cold, solid bodies. Dew ; with intensely cold 
air. Snow. HaU is, perhaps, frozen rain. 
Frost is troL&n dew. 



XXPAHBIOir BT MEAT. 99 



LESSON XXVII. 

XZPAimOH BT HBAT. — THBBM0MXIX9. 

58. ExpxBDcxNT. — Hold a flue glaM taba^ 
partly filled with water, over a flame of a lamp ; 
the water will be seen to rise as it becomes heated. 
Warm water takes np a larger space than cold. 

FamiiUar J^ocfo.— A cold tumbler placed on a 
beated stove will crack at the bottom. The heat 
expands the glass ; but glass is brittle (what is 
meant by ^^ brittle f— Lesson IX), and so the tum- 
bler must break. How may it be prevented from 
cracking? (Lesson XXY, p. 95.) A bladder, filled 
with air and tied up at the end, expands if near a 
hot stove or register. The air inside becomes 
heated, and heated air takes up a greater space 
than cold air. A flask with ground glass-stopper 
is sometimes difficult to open; if it be gently 
heated around the neck the stopper may be taken 
out without difficulty. The rails on a railroad- 
track are laid so that their ends shall be at a 
slight distance from each other ; in summer their 
ends are very nearly together ; in winter they are 
farther apart Tires are heated red-hot before 
they are placed on the wheels, for they are then 
wider, and, on cooling, flt tight to the wheels. 
Chestnuts and pop-corn, when exposed to heat. 
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burst open; the heated air inside expanding, 
forces its way through. Heavy rocks, and the 
walls of houses, may crack. The reason is this: 
They expand in summer and contract again in 
winter. 

AU bodies are expanded by heat; they contract 
again by cold. 



Here is an instrument called ^^Thermometer." 
The silvery substance in it is one of the few 
metals which have the liquid state at ordinary 
temx>erature ; at an intense degree of cold — such 
as Arctic explorers experience— it freezes into a 
solid mass. Its name is Mercury, or Quicksilver, 
tf the mercury is heated, it expands, and rises in 
the tube, simply because it has no other place to 
which to go. On cooling, it contracts and falls. 
It may be heated by our atmosphere, that is, by 
the sun ; or by hot water ; by steam ; by heated 
oil, or merely by the natural warmth of our hand 
placed upon it. On examining the thermometer, 
you notice that it consists of a glass tube with a 
bulb below. Both tube and bulb are closed. 
The bulb and a portion of the tube are filled with 
mercury. Above the mercury is a vacuum. The 
vacuum is obtained by heating the mercury to a 
very high degree ; while it then stands very high, 
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the tube is fused at the highest point of the mer- 
cury. This closes the tube so tha£.Bdlair can gei'' :' 
in. As the source of heat is r^aved, ltp;iii8i-:« : 
cury falls slowly, leaving a vacdtdAi!>4lIitfd.''^d' ' 
frame is not an essential part of the thermometer. 
A little above the bulb is a point, marked Freez- 
ing Point Everywhere on the earth, ice melts at 
the same degree of temperature. So, after the 
tube is sealed and cooled off, it is placed in melt- 
ing ice. Immediately the mercury sinks, because 
the cold contracts it It occupies now a much 
smaller space, and when it has settled, its low- 
est point is carefully marked, either on the 
fn^me or by etching it on the glass tube. This 
point is called the f^ Freezing Point" It has also 
been found that all over the earth, water, in low 
conntries, boils at the same temperature. So the 
thermometer is now held upright in the hottest 
steam issuing from boiling water. Heat expands 
all bodies; hence the mercury expands and is 
seen to rise in the tube. The point to which it 
ascends is carefully marked ; it is the ^^Boiling 
Point" The space between the two points has 
been divided into degrees. By means of these 
degrees, we are enabled to indicate the tempera- 
ture which a body has acquired. 

BmA ** Exfamsiom^TA^rm^metir,** in "The Fhcnotnena and Ltwt 
«rHeat'* 
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• liBSSON XXVIII. 

THXBMOMETBB OOICPABSD WIDH BABOMBTIB. 

69. EzPEBDCBNT.— If the palm of fhe haiid^ 

after being rubbed a little so as to be perfectly 
dry, is held to the thermometer-bulb, the mercury 
wUl rise to a point which marks the Blood-heat 
of the human body. It happens to be indicated 
on our thermometers by the number 07. This is 
owing to the fact, that in our country, and also in 
England, the space between the fireezing and the 
boiling points is measured by very small degrees, 
of which there are 180 between Ihose two points. 
Fahrenheit, a philosophical instrument-makw, 
divided that space into 180 degrees. He com- 
menced counting, however, not at the Freezing- 
point, but at a point below, which is the zero 
point. The freezing-point thus happens to be at 
82^; this causes the boiling-point to be marked 
213^. On the continent of Europe, the Freezing- 
point is marked O^"; the Boiling-point 80"". That 
is, the space between the two points is divided 
into only 80 degrees. Each degree of this kind is 
much larger (how many times as large ?) than one 
of tile former kind, the Fahrenheit From the 
name of the French philosopher who arranged 



^ 



scale, its degrees are called degrees Beau- 
mv/t. Thus 80^ R. is equivalent to 180^ F. Far 
more convenient than either of the two preceding 
scales is the one of Celsius. He divided the space 
between the freezing and the boiling points into 
KK) degrees. The use of this division is gradually 
spreading. According to it, 100^ 0^180''i7^=80''J2. 



q)lain the following table : 




Reaumur* 


Centigrade (Celtiui). 


FakrmMt. 


80" 


100* 


313* 


40«» 


60* 


123«» 


20» 


25* 


77* 


o«» 


O" 


83* 


— 14|* 


— wr 


o* 


—4SP 


—60" 


-58* 



The healthiest temi>erature for any room is 
about 66^ J^. Our rooms should not be heated 
beyond that in winter. Thermometers should be 
placed at equal distance from stove, or firejdace, 
and the. windows, bo as to show the mean tem- 
perature of the air. 

QuestUms. — ^If in New York the mercury stands 
at 80^ above zero, how would the same tem- 
perature be indicated in Paris (according to O. 
degrees)! How in Berlin (according to M. de- 
grees) % By what numbers would the blood-heat 
point be indicated according to those scales % By 
what number is the point of healthiest tempera- 
ture indicated in O. and B. degrees? 



I 
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Thermometer and Barometer Ck>mpared. 
Four points in common : 

1. Both instniments consist of a glass tube. 

9. Both have mercury in their tube. 

8. Both have a vacuum. 

4. BoQi have t^ graduated scale. 

Four points of difference : 

1. The thermometer-tabe is closed abaw and 

below ; 
the barometer tube is closed (ibove but open 
belofDy so that the pressure of air mi^r reach 
the mercury within it 

2. In the thermometer-tabe, the mwcnry rises 

and falls on account of the effects olheat 
and cold; 
in the barometer-tube, the mercury rises and 
falls on account of the increase or decrease 
of air-pressure. 
8. The thermometer has a scale of degree^ 
uihose size is arbiirary and may be differ- 
ent in different thermometers ; 
the barometer has a scale of inches^ and frac- 
tions of inches ; its scale is of less extent^ 
and only at the upper part of the tube. 
4. Mercurial Thermometers may hare any 
length; 
mercurial Barometers have uniform length. 
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LESSON XXIX. 

THB ATMOSPHEBIO ENOINX. 

1. If we look at a sowing-maehiiia while it is 
in motion^ our attention is immediately called to 
a long, upright rod, made to move up and down 
by the stroke of the foot The rod being fastened 
to a wheel, it is evidently its xxp and down motion 
that causes the motion of the wheel and with it, 
that of the machine. Yon need bat fasten a rod 
to the edge of a toy-wheel, and yon may demon- 
strate the same. Motion in a strai^t line--r^c- 
tUinear motion— is thus converted into circular 
motion. 

8. This. was known thousands of years ago; 
but, strange to say, the principle upon which the 
steam-engine is founded, was not thought of until 
about 1690, A. I>. At that time. Professor Papin^ 
an exiled Frenchman living in Gfermany, pub- 
lished a little work, in which he says : '^ There is 
a property peculiar to water, owing to which a 
small quantity of that liquid, if heated and con- 
verted into steam, acquires a force of elasticity 
which much resembles that of air. When cooled 
down, it returns to the liquid state, and loses its 
elasticity. I am, therefore, inclined to believe 
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that machines may be constructed which are 
moTed by the application of heat to water." 

8. These words laid the foundation for the 
greatest change which human society ever ex* 
perienced. The machine that effected tMs change 
has benefited humanity more than all the gold 
miXkea in the world. The steam-engine not only 
reveals to us the hidden treasures of Hie earth ; 
'^ it can engrave a seal; crush masses of obdurate 
metal like wax before it; draw out, without break- 
ing, a tiiread as fine as a gossamer, and lift a ship 
of war like a bauble in the air* It can embroider 
muslin and forge anchors ; cut steel into ribands 
and impel loaded vessels against the fury of the 
winds and waves.'' And when it flies with the 
rapidity of a bird, over land and water, hurling 
dense masses of steam and smoke into the air^ 
does it not look like some gigantic monster that 
contains the strength and the power of thousands 
of men! Well may we admire the genius of man 
that can turn one of Nature's simplest forces to 
such wonderful account 

4. The simplicity of Papin's statement is demon- 
strated by his own application. Knowing that 
steam was elastic like air (Ijesson X), he immedi- 
ately proceeded to the construction of an appar- 
atus which, although its practical usefulness was 
impeded by its slowness, was the first steam- 
engine ever built 



y 
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60. ExPBBiMXNT.— Pi^Kin'fl appaiatiii may be 
illnstrated by a test-tube (one of tin is preferable 

inasmuch as glass breaks easily^) as shown 
in Fig. 23. A small disk of wood^ with a 
paoking of thread axound it to make it fit 
tight, is made into a piston, P, moving in a 
tube nearly air-tight, and attached to a rod. 
The tube is then filled with water about 
an inch high, which is made to boil over a 
flame after the piston is carefully placed 
in the tube. The generation of steam causes 
the piston to rise. The steam escapes m. 
through a small hole, B, made in the upper part 
of the tube. Between the water, when boiling, 
and the piston there is no air ; the space is filled 
with steam. On immersing the tube in cold water, 
the rod descends again, because the steam below 
the piston is condensed by the cold, and because 
a vacuum is thus formed between the piston and 
the surface of the heated water. What is it that 
forced the piston down! The answer is: ^'At- 
mospheric Pressure." (Lesson XL) 

6. In place of the small tube of this experiment, 
Papin used a large iron cylinder, with proper 
piston and piston-rod. We can readily imagine 
how, by throwing, at regular intervals, a stream 
of cold water on the cylinder, he produced an 
up-and-down motion of the rod ; and how his ma- 
chine must ^eeds have been slow— too slow to be 
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practically applied. A steam-engiiie built upon 
the principle of Papin's^-tiiat is, one not w<»rked 
by fhe expansive force of steam, but merdy by 
atmospheric pressnre*-is not a steam-engine. It 
is an '^Atmospheric Engine." 

6. Captain SaTcryy an Englishman, constmcted 
at about tiie same time, an apparatus in which 
fhe steam served the purpose of raising water. 
The steam was generated in a separate boiler, 
and fhence led into a chamber where it was con- 
densed by cold water flowing over the chamber. 
The apparatus, however, was very imperfect, and 
used only for pumping water. Still, his was 
the merit of having constructed the first Atmos- 
pheric Steam-Engine that received practical ap- 
plication. 

7. Thomas Hewoomen, a hardware man, and 
John Cowley, a glazier, botii Englishmen, by their 
brilliant invention, completely eclipsed Savery's 
engine. They improved upon Papin's plan in 
this, that they generated the steam in a boiler — 
not in the cylhider — ^and that they condensed 
it, not by cooling the boiler from without, but 
by forcing a Jet of cold water into the steam. 
The machine was put to immediate use in the 
coal-mines of England ; and it is sometimes used 
even at present, in places where a great mass of 
water is to be pumped out Its construction is 
very simple. 



/ 
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8. It consists of the boiler, A (Fig. 28), where the 
steam is gmeiated, and the cylinder, B, which is 



' no. a. 

oonnected with the boiler by means of the pipe, 
i^. When steam has entered the- cylindai and 
the piston, O, is raised, the stup-oock, a, ia closed. 
This ehats off the oouneution bt^tween the boiler 
and the cylindtir. The stop-cook, b, is then 
opened, and a jft of cold water fr<>m the small 
reserroir, C, ia thrown into the cylinder. This 



J 
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condenses Hie steam in the cylinder ; a Tacamn 
is fonned below the piston, and atmospheric 
pressure forces the piston down. The water 
from the condensed steam flows off through the 
pipe, dj into a reservoir with water. (At the 
end otdisB valve opening outward.) By means 
of an iron chain, the piston-rod, Jff^ is attached to 
a working-beam, which swings on the pivot, i>, 
and which is connected at the other end with the 
rod E. This rod is raised when the piston de- 
scends. When the stop-cock, a, is opened again, 
the steam rushes again into the cylinder ; but as 
the force of pressure of the steam scarcely ex* 
ceeds that of the air over the piston, the piston 
would not rise, were it not for the heavy weight 
attached to the rod, JB. This weight falls when- 
ever steam is let in under the piston, O; and in 
falling, forces one arm of the working-beam 
down, causing, at the same, time, the piston at 
the other arm to rise. The rod P^is the piston- 
rod of a pump, and is fastened to the weight 

In the At7no9pheric JBngine the piston is raised 
byOravitj/j cmd lowered hy Atmospheric Pressure^ 

State the principal points of Papin's engine ; 
of Savery's ; and Newcomen's. 

Baftd '*JI, Potter,^^ in << Inventions and Discoveries," by Tetuple. 
London: Groombridge. 
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LESSON XXX. 

THB STBAM-BNGHrB. 

1. Half a oentary had passed away. New- 
oomen's engine had been introduced into most of 
the coal-mines of England, when, in the winter of 
1783, a young mechanic, James Watt, in Glasgow, 
was employed by the University of that dty to 
repair one of Newcomen's engines. The task 
which this man of uncommon mind was about to 
undertake, marks a new era in the history of 
steam-x)ower, an era that finally resulted in the 
perfection of a machine which is an element of 
modem civilization. On trying the engine after 
he had repaired it, young Watt perceived that it 
was very imperfect. The principal defect con- 
sisted in this, that the machine used a great deal 
more steam than was needed for the motion of 
the piston. For when the stream of cold water 
was thrown into the cylinder, the steam was con- 
densed ; but at the same time, the cylinder was 
cooled down to such an extent, that when fresh 
steam was admitted again, a great quantity of it 
was wasted in reheating the cylinder ; and thus 
there was a loss of money in direct proportion to 
the amount of fuel necessary for producing the 
quantity of steam equivalent to the quantity 
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wasted. On calculating the loss, it was found 
that i of all the fuel used was wasted; that is, 
employed in reheating the cylinder. The question 
with Watt now was, How can the cylinder, in- 
stead of being cooled, be kept pennanently hot t 
In other words, How can the steam be condensed 
without at the same time cooling the cylinder 1 

2. Watt's genius solved the problem by an in- 
y^H&tion of surprising simplicity. He condensed 
^(6 steam in a separate chamber, the wndenaer. 
It stood in a chest filled with water, and was con- 
nected with the cylinder by means of a pipe. 
Thus the steam could be condensed without cool* 
ing the i^linderi by simply leading it oflfl The 
immediate result was the saving of } of the fueL 

8. But Watt did not stop here. He noticed that 
the air entering the heated cylinder as the piston 
went down, also cooled the cylinder. This caused 
A waste of steam, as tibe cylinder, in order not to 
condense the fresh steam entering, had first to be 
reheated to 212^. To remedy this, he dispensed 
with the air entirely, in providing the cylinder 
with a cover pierced in the center .so as to admit 
the piston-rod air-tight. The air (atmospheric 
pressure) could now no longer act upon the piston ; 
how then was the piston to descend? It was 
made to descend by allowing steam from the 
boiler to enter ab(yoe the piston, through a pipe 
connecting tiie boiler with the upper part of the 



1 
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eflinder; and to pass out again thiongli a pipe 
ccmnecting the cylinder with the oondeneer. 
Thus while there was a vacuum established in 
tibe lower part of the piston, steam was admitted 
into the upper part; the upper part then being 
made a vacuum by leading the steam off into the 
condenser, fresh steam was admitted into the 
lower part and forced the piston up. By this im- 
provement, tiie steam not only served as aready 
means for obtaining a vacunim as in Newcomen^s 
engine, but its esqiansive force was also mads use 
irf, and fkom diat time Watt's engine was no 
kmger an atmoq^heiio, but a ateam^-engine. 

4. The atmospheric engine was ^* Single Act- 
ing;'' it did work only while the piston descend- 
ed ; the rise of the jdston, as we remember from 
the preceding lesson, was eflSdcted by gravity. 
The iKywer obtained by this machine was so small 
that it could not . overcome the resistance of a 
wheel, and, therefore, it was used mainly for 
pumping water out of coal-mines. 

6. It will now be readily understood, that by 
admitting the steam alternately above and below 
tiie piston, Watt made the steam-engine ^BouUe 
Acting," and this was, perhaps, the most impor- 
tant of all his improvements. For now, circular 
motion could be produced, witibout which no lo- 
comotive or steamboat could ever have been 

thought of. 
8 
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Watt died in 1819, honored and adlmired by all 
who knew him. Within a short time after his 
death, five large statues were erected to his 
memory. 



6. In aU the engines constructed by Watt, the 
power of the steam was low ; it amounted scarcely 
to more than li atmospheres (li as much as the 
pressure of our atmosphere; that is li times 16 
pounds to the square inch of surface). The altera 
nate condensation of steam on either side of the 
piston was, therefore, the only means of obtaining 
the up-and-down motion of the pistcm ; for (tie 
feeble expimsive force of the steam was totally 
insufficient to overcome tiie counter-pressure of 
the atmosphere. But by employing steam of 
greater expansive force— that is, steam capable 
of exerting a higher pressure— -one might dispense 
with the condenser. It was reserved to an Ameri- 
can, Oliver Evans, in Philadelphia, to introduce 
steam of a higher pressure as motive power. 
Engines usually having a steam-pressure of from 
8 to 16 atmospheres (46 to 336 pounds of pressure 
to the square inch), are called High Pressure 
Engines; those working with a lower pressure, 
Low Pressure JBngines. 



BTRAX-vsaunt. 



7. The admission of steam into the eyiiuder 

Is now accomplished by means of a sUding-vaZve. 



It is enclosed in a square box, called the steam- 
chest (See Fig. 24), which is attached to one side 
of the cylinder. When the steam from the boiler 
Teaches the steam-chest throngh the opening, o, 
it fills the chest at once, and, as the sliding-valTe 
ke^m the opening, b, closed, it presses throngh 
the opening a into the cylinder. There it fills the 
upper part and forces the piston down. This it 
does because a vacnnm has been formed on the 
other side of the piston, or, as is the case in High 
Pressure Engines (see Fig. above), by the immense 
expansive force of the steam. At the same time, 
however, the sUding-valve (which rises when the 
piston-rod descends, and descends when the pis- 
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tcm-rod rises,) has moved upward, and ahnta off 
thd steam from a (see Fig. 26) ; &e steam mnst 



BOW entn throQgh the opening b and force Om 
piston op. Meanwhile the old steam abore the 
piston passes through a and into a tabe lead- 
ing to the condenser. In a steam-eng^e which 
has no condenser, as, for example, the loco- 
motive, the old steam passes through e into the 
air. After the piston has arrived above, the 
process ia renewed, owing to the sliding-valve 
having a motion opposite to that of the pistcn ; 
thus steam ia admitted alternately above and be- 
low the piston which, as every one knows, moves 
in a vacaom, or rather, in a space filled with ateam. 
Steam-engines with steam of very high pressure 
usually have no condensing apparatus. 
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8. When we look at a looomotiye rushing past 
ns at fiill speed, we notice a horizontal iron rod 
moving back and forth. The rod connects two 
laige wheels, and runs at one end in a wide brass 
cylinder. Next to this cylinder is the steam-chesty 
a small square box. It is in the cylinder that 
the motoiy power is ipiparted to the engine. In 
addition to these things, we see a great many 
wheels, pipes and rods; but they mostly serve 
minor purposes. The main parts of the locomo- 
tive are the steam-chest, cylinder, piston, piston- 
rod, the large wheels, and ^e l;K>il6ir. 

9. The steam, by means of the sliding-valve, 
causes the back-ai^-f orth motion of the piston in 
the cylinder ; by tiiis, it causes the back-and-f orth 
motion of the piston-rod ; and by this, the revolu- 
tion of the iBoge wheels. The wheels roll on 
the track; they cause the locomotive to move on* 
ward, and the locomotive pulls the cars attached 
to it 



»J^ufut Wka,** in '•Pursuit of KnoiHedge^" VoL IL New 
York: Harper & Bros. 

** The Locomotive Enginet**\rfC.Qc^xaiL H. C Burd, Fliik. 

**T^ Steam^Engine^^ \rg David Read. Hard & HooghtODy 
New York. 

BmA **The Railway amd itt CnulW^**Tke Youth of Jamet 
Wate^^ka. ''IiiTeiitions and Discoveries." Groombridge & Sons, 
London. 
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LESSON XXXI. 

BBVIBW. 

Lbssok xxm. — , 

1. The motion of a body produces vibrations in 
the air wMcli, if they impress the ear, give us 
the sensation of sound. Sound, therefore, is 
merely the effect of a vibrating motion upon 
our ear. 

LbSSON XXV. — 

3. Heat may be communicated by passing suc- 

cessively from one part of abody to the other 
parts. This mode of communication is called 
Cdndfictian of Meat. 

Lbssok zxvi. — 

8. Heated air rises, because it has less specific 

gravity than cold air. This fact causes 

Draught b,u<Sl Winds. 
Lbsson zxvn. — 

4. All bodies are expanded by heat; and con- 

tracted by cold. 

6. What we call ^^ Heat," is merely a vibrating 
motion among the minute invisible parts 
(molecules) of a heated body. We can not 
see that vibrating motion, but we can feel it. 

6. What we call ^'Sound," is merely a vibrating 
motion of masses. We can neither see nor 
feel that vibrating motion, but we can hear it. 
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7. As sound is the effect of yibratoiy motion iii>on 

the em^ so heat is the effect of vibrating mo- 
tion upon our nenoes. 

LWSON XXIX.- 

8. In the Atmospheric Steam-Engine, the piston 

is raised by Chrattty; and forced down by 
Atmospheric Pressure. 

LbSSON XXX. — 

9. Low Pressure-engines hare a steam-pressure of 

not more than 1} atmospheres. The steam- 
pressure in High Pressure-engines may go as 
high as 16 atmospheres. 

10. In the locomotilye, steam causes (by means of 

a sliding-ralye) the back-and-forth motion of 
the piston in the cylinder ; and by this mo- 
tion, the back-and-forth motion of the piston- 
rod; and by this, the revolution of the large 
wheels. The wheels roll on the track ; this causes 
the locomotive to move onward and draw the can 
attached to it 



11. On dropping a stone to the floor, the floor and 
the air over the floor, commence vibrating. 
This shows that Force (Force of Gravity in 
this case) may be converted into Motion. 

13. The motion of a train of cars heats the axles 
and wheels of the cars. This shows that 
Motion is convertible into Heat. 
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la Heat ezpaBdfl all bodies Qjese. XXYII); and 
as ezpansicm (the wock done by heat) is mo- 
tion, we may say that Heat is also converti- 
ble into Motion. (Thermometer.) 

14. Heat expands water into steam. Steam ex- 
psdEids still fiirther. The partides of steam, 
therefore, are in cxmtinnal motion. The ef- 
fect of this motion is the Expansive Force of 
Steam. This shows that Jfa^£t)n is convertible 
into Force. (Compare Less XXTT, Review.) 

10. The B:q[)ansive Force disappears as soon as 
the steam has moved the piston of the ^igine. 
The motion of the piston is the toork done by 
the steam. Thus, in this case, Force is con- 
verted into Motion. (Compare No. 14, above, 
and Less. XXTT, No. 13.) 

16. Force of Preesfwre is convertible into Moti&n 
of Masses. (Wind— Barometer— Pumps.) 

17 From all the preceding, we see that 

a. Force is convertible into Motion. (The 

pump.) 

b. Motion is convertible into Mea^. (Friction.) 
€• Heat is convertible into Motion. (Thermom- 
eter.) 

d. Motion is convertible into jPV>rc0. (Ki^an- 
sive Force of Steam.) 
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LESSON ZXXII. 

UOHT — ITS SOUBOES— BIBBOnOK. 

familiar ^oc^.-— While fhe Bon Bhiiies— that 
i8| during the day— it is light; we can see objects 
at a distance. Bat we can not see objects at 
night, for then it is dark ; the snn is on the other 
side of the earth. The light of the stars, or flashes 
of lightnii^, may somewhat relieve the darkness 
of night; glow-worms may feebly illnminate (mr 
immediate vicinity. If we mb a match in the 
dark against the hand, the phosphoros will shine 
<m the hand. This property is called Phosphor- 
escence. Glimmers of light are also nodceatde in 
decaying animal and vegetable snbstanoes. Two 
pieces of sugar, after being rubbed together, also 
emit light Candles, oil and gas, at times, also, 
torch-lights, are our usual means of illumination. 
But our greatest luminary is the sun. 

1. The Bun and the Fixed BtarSy Btectrictty^ 
Fhonphorencence mid Bumd/ng Bubstaneet are 
Baurces of Light. The sun, stars, lightning, 
phosphorus, glow-worm and flame are BdfA/w- 
miwAU Bodies. 

Familiar Facts.-^Tbe moon sends light to us ; 
so do other planets. But this light is not her own ; 
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sheieoeiyes it from the sun, the same as the other 
planets do. She is invisible to ns, except when 
the son's light falls upon her. When the room is 
dark, a book npon the table can not be seen; 
neither can the table, nor the desks, nor the streets, 
nor anything else. None of these objects is self- 
lumirums; tliat is, in order to be seen, these ob- 
jects need light from a self-luminous body. 

2. NeUher the planets^ nor most of the objects 
swrownMng us^ a/re seTf-lvmiTuyaa bodies. 

Famili^ar Facts.— 11 we elose our eyes we can 
not see. Nor can persons who were bom blind, 
or have become blind from accident or disease. 
In order to see objects behind us, we must turn 
around ; to see things above us, we must turn our 
eyes upward. 

3. Bodies not self-lwminous me tiiefble only 
when they receiw light from a seLf-lvmimms 
body; cmd then only^ if a part of thai light 
forms cmimpression on oviT eye. 

PencOs, crayonst f^asM^ water, ioe, trees, houses, and aU other ob- 
jects are seen by us, because when light fidls upon objects, a portion of 
the light is difinsed from their surfiatce in all directions, and because % 
small portion of that difiused li^^t enters our eye and forms an im- 
pression on the retina. From our room we see objects out-doors yery 
clearly; but when looking from without, objects in the i^m are not 
seen so welL The amount of light difiused in a room is much smaller 
than that difiiis^ out-doors. — It is light in daytime, although it maybe 
▼cry cloudy. The douds receive all the light from the sun, and difiuse 
a portion of it. 
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61. EzPBRDCBNT.— Place a large paBte-board 
(with a small hole in it) a few inches from the 
blackboard. Light a candle and place it in front 
of the hole in the pasteboard. A bright spot will 
be seen on the blackboard. It is a spot illnmined 
by the rays of the light that pass from the ^me 
throngh the opening. The direction from the flame 
through the hole to the illumined spot is that of a 
straight line. Let the flame be moved about, the 
spot will move also. 

FamUiao' J^ac^.— Through fhe eracka in the 
shutter of a darkened room, rays of light are ob- 
served to enter in straight lines. The hunter levels 
his gun at a squirrel in the direction in which the 
rays of light diflEtised from the squirrel enter his 
eye. Opera-glasses and telescopes have straight 
tubes. 

4. Light emanates from setf-lvmiTiouB bodies 
in aU directionsy a/nd travels in straight lines. 

BMd <• Sum, Mem 0nd Stars,*' in •'The Wonders of the Heavens"— 

niastrated library of Wonders. 
BMd **Ligkt and Color,'' in <nrhe Earth and its Wonders." 
XMd **The Eye," in <'The Hunan Body"— Dlnstrated library of 

Wcmders. 
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LESSON XXXIII. 

RADIANT AND SPBOULAB BBFLBOTIOH. 

During the daytime, sunlight is diffdsed in the 
atmosphere as well as in the air of omr rooms, 
whether the sun is visible or not Some of this 
light in the air falls upon the walls and upon the 
objects in the room ; and the walls, as well as the 
objects, rejlect (throw back) that light in all di- 
rections. They reflect it thus : Every point <)f 
their surface radiates the light in all directions ; 
hence any point of this surface may be seen by a 
person in the room, whatever part of the room h0 
may be in, provided that a portion of that reflected 
light strikes his eye. 

Familiar Facts.— lUte is a pendL What enar 
bles us to see it? It is not a self-luminous body ; 
but there is difi'used light in the room, and as the 
pencil has a more or less rough surface, every 
point on that surface receives some of this dif- 
fused light, and in turn reflects some of it It 
does so by radiating the light in aU directions. 
Of this radiated light, a portion enters our eye, 
and we say *^ we see the pencil," and may then 
describe it 

We see a looking-glass^ owing to the light which 
is reflected from it by radiation. True^ its surface 



18 smooflier lluui tiuU of llie peiioil,or of most 
objecto; yat efea m a lodld]ig-glm88 there are T6t7 
many nneTiai plaees, frcHii eveiy point of wbidi 
]]g)it 18 reflected by ladiatkm. Wenitnotfor 
thati we woold not eee the glase at alL The enr* 
lM)e of a pedJMt minor 18 invieible. 

Atthodie$r^/UctUghiiyradiaitaH. Weoall 
this Badiant B^fiection of Light 

es. BxpsKDOHT.— If an India-rabber baU be 
thrown upon llie floor in the direction in which a 
ray of li^t woold pass thiongh a crack on the 
floor of a darkened room, the ball will rebonnd^ 
and may be made to strike the wall opposite the 
crack. Let the place where it strikes the wall 
be marked. Now lay a looking-glass npon the 
bright spot on the floor of the darkened room 
(the spot is caused by the rays of light entering 
through the crack), and it will be seen that the 
rays, like the India-rubber ball, rebound to where 
the ball struck the walL Evidently the rays are 
reflected by the looking-glass. Any other highly 
polished surfarce would have caused the same re* 
flection. 

All this shows that tJiere are objects wMeh not 
only reflect light hy Badiant BeflecUcn in all 
directions y but which^ in addition^ rtf/leot an 
extra amcmU of light in certain definite direc- 
tions. We call this SpeculoT (mirror-like) Be- 
flection of Light. 
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FamUiar i^etcfo.— Bumished metal plates, pol- 
ished wood, the surface of water or mercury, the 
coating of merciuy in looking-glasses, and even 
common glass plates when viewed in a very ob- 
lique position, exert both, ^^Badiant" and ^^Specn- 
lar" reflection of light Olyects wttA polished 
swface reflect light radiomXly omd specularly. 



Light refleoted Badiantly oompared with Ught 

reflected Speonlarly. 
Fonr points in common : 

1. Botii have emanated first from a self-lundn- 

ons body. 

2. Both hare been thrown back from the sur- 

face of bodies not self-luminous. 
8. Both have their rays travel in straight lines. 
4. Both may enter the eye. 
Three points of difference : 

1. Badiantly reflected light proceeds from the 

surface of aU bodies; 
Specularly reflected light only from the sur^ 
face of highly polished objects. 

2. Radiantly reflected light is thrown back from 

a surface in aU directions; 
Specularly reflected light is thrown back 
from a surface Only in certain directions. 

3. Radiantly reflected light enables us to see 

oljects ; 
Specularly reflected light enables us to see 
images of objects. 



UOHT, OOMIINUBD. 



LESSON ZXZIV. 

TISIBU! DIKBOnon.— KBVRAOnON. 

FaanitliaT Facts.— \. When a person ia hit 
idth a stone he does not seek Oie person who 
threw the Btone, in the direction in which the stone 
flies, bnt In the direction from which it comes. 
Thns, he whose forehead has been strack by a 
stone in a downward direction, looks upward for 
' the perpetrator ; he supposes him to be in the di- 
rectlon from which the stone cune. If stmck by 
a stone in an upward direction, he will look down- 
ward to find the evil-doer. 

It is the same with a ray of light 

3. A boy looking at a steeple, receives its top- 
most ray of light in downward direction. Ima^e 



AiB ray to be extended after passing through the 

typening In his eye (Fig. 26). 
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Since light travels in, Btraight lines (Lesson 
XZXU), tlie ray crosses the knoer pari otioB eye 
in a downward direction. The lowest ray coming 
from the foot of the steeple would, if extended, 
traverse the upper pa/rt of hia eye in upward di- 
rection. Bat if, tnndng loond and then bending 
his head down to his knees, he looks at the 
steeple from between Ms knees (Fig S7), the 



topmost ray will, if extended, pass downward 
through the vpper part of his eye ; and the lowest 
ray, upward through the lower part of his eye. In 
this case he would see the steeple inverted, were it 
not for the fiict that the eye seet an object, or any 
part of am, olject, in the directum JYom tahichthe 
raps of the ^ect come. AU bodies appear to be 
situated in the diree^on frmn vihish their rays 
enter the eye. 

63. Expbbucsnt. — Lnmene a puudl in water 
perpendicularly; it looks as straight as before. 
But when immersed obliquely, it appears bent, or 
broken. Oars, when partly immersed, present 
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the same appearance. When the pencil is out of 
the water, we see it by means of the light diffused 
from it (Lesson XXAILL). Consequently, when 
the pencil is partly immersed, we see the portion 
above the liquid for the same reason. The light 
diffused from the immersed i)ortion, however, 
must first travel through the water, and then 
through the air. Now, since the immersed por- 
tion seems to be bent, it follows that the rays dif- 
fused from it are bent; that is, they travel in 
straight Imes through the liquid, but on entering 
the air, they are made to deviate from their 
straight course. But the eye is in the habit of 
following title direction of the rays, and must see 
the pencil bent simply because the rays coming 
from it are bent. 

Let a & be the pencil partly immersed ; the part 

immersed, a c, appears to be at c2 c, because the 

^ ray coming from a, which ought to 

J^ pass out in the direction of a &, is 

made to deviate from its course 

when leaving the water at c, and 

enters the eye in the direction of d 

e. The eye, believing the point a to 

FIO.& be in the direction from which its 

ray comes, sees the point a actually as being at d. 

The same takes place with. the other rays entering 

the eye ; hence the whole part ac is seen as being 

aide. 
9 




*• -» 1 




180 FIB8T LBSSOKS Of PHYSIOS. 

64. ExpxBnnarr. — ^A ooin placed on the bottom 

of a fOled tumbler, is seen in its 
trae direction if viewed perpendicu- 
larly; but if viewed obliquely, it 
will be se^i in a more elevated 
place. 

no, «. 

J^omiZiar i^acto.— Owing to refraction ^^ 
the bottom of dear waters appears to be more 
elevated than it really is ; that is, water often ap- 
pears less deep than it in reality is. This must be 
taken into account by persons bathing, so that 
they may not go beyond their depth. 

JRay$ of light J an passing obligtiely through 
mbstances of different densitiei (such as ai^ 
and water, or glass and water), depiate from 
their straight cowrse; they are lent. This de- 
viation is called Refraction of LigM. 
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LESSON XXXV. 

PBISK8. — ^LBKSSS. 

66. ExpjsBncsNT.— On a blackboaxd malLe a 

mark in the shape of 
an arrow, and look 
at it through a glass 
prism, which should 
be held so that only 
one edge of it is di- 
rected upward (Pig. 
FIG. at. 30). The arrow will 

then be seen as being above its true place. The 
reason is this : Bays of light, a e — we take but 
two for the sake of simplicity — diffused from the 
arrow, strike the surface, b c, obliquely, and are, 
therefore, refracted to / (Less. XXXIV). On pass- 
ing from the glass prism at /, they are again re- 
fracted, and enter the eye which is stationed at g. 
But the eye follows the direction of the refracted 

rays (Less, XXXIV); 
consequently it sees 
the arrow as being 

I .^^^^ ^< 66, ExPBBnCBNT.— 

^. How look at the 

4^/'' ^ arrow on the black- 

no.n. board through the 
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prism ioTerted (Fig. 31); that is, placed so as to 
present two edges upward. The arrow will dien 
be seen below its tme place. The reason of this 
is the same as before. The rays a e are refracted 
to// conseqneDtlj the arrow is seen as being at Jt. 
If now we place two prirau together, as in 
Fig. 83, rays diflhsed from the arrow and eotering 



^ 



the glass surface, ahc, will, in like mmiDer, be 
refracted twice, and meet each other in several 
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points behind the prism. In order that the eye 
of a person situated at /, might receive all these 
xe&arfed rays, and thus be able to see the whole 
arrow throngh the prisms, it wonld be necessaiy 
to have these rays bleod into a common point 
To do this, we must have the snrftice, aic, cnrred 
(Fig. 33) ; that is, we most have a cmred glass in 
place of the prisms. Snch a cnrred glass is a 
convex Lens, commonly called a Bwming-glats. 
For it not only brings rays of light to a common 
point, the Focas, bnt at the same time it blends 
lays c^ heat into a focns. In conseqnence of Ihia, 
a match ignites, and a hole is bnmt in a piece of 
paper, if either of these objects be held In the 




The aziow, as viewed through a lens, is seen 
lai^er (Fig. 34); that is, it is magnified, becanse— 
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taUng the two extreme rays for the sake of illus- 
tration—the rays, d e and / g^ refracted to the 
^e, are seen as coming from the points Ti i. 
(Whyt Lesson ZZXTV, p, 130.) The common 
Bnming-glass, therefore, is also called Magnify- 
ing- Glass. 

An ol(ject in front of a convex lens is seen mag- 
nifUd by an eye placed behind it. 

Application. — The lenses in spectacles ; opera- 
glasses and telescopes ; all magnifying glasses. 

BmA ''Mv't^J^ hm4f Brnnmg GUtsts," in «<P«nwt of KaomU 
«dfe»"VoLU. Harper & Bros. 

BmA '*Lmsis;* in 'The Wonders tA Optics"— lUnstnted library of 
Wonders* 

BMd ^'fforn if Vim PUtuns;^ p. ii|l^ VDf^**Sp€etaeU$^'^ p. as »»ia 
'^TUafi aol GeaeiiBj Known." 
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LESSON XXXVI. 

OOLOB. 

66. ExpsiBXMENT.— If a laj^e pasteboard with 
A small hole be placed facing the sun ; or if a 
room be darkened and only a few rajs of light 
admitted through a crack in the shutter, these 
rajs will pass to the floor and there form a spot 
cl white light But if a prism^ be held before 
the crack or before the hole in the pasteboardi 
the rajs of light will be refracted (Less. XXXIV), 
and spread out in the form of a long band. In- 
stead of being white, this band will be cidared. 
The colors of the rainbow maj be distinguished 
in it; viz.: Violet^ indigo^ bhie, green^ yeUovOj 
orange cmd red. The cplored band is called the 
Solar Spectrum ; and this spreading out of light 

I. A prim which is to show the refiractioii of li^t, may be of solid 
f^Sf or, if such a one can not be had, it may be constructed in the fol- 
lowing manner: Procure two strips of common 
glass, having the shape of a rectangle, each of the 
same size, about 5 inches long by iji inches wide, 
vio. tft One of the long edges of each is heated over an 

alcohol flame; both edges are then cemented together with sealing-wax, 
allowing a distance of lyi inches between the two remaining long edges. 
The ends of the vessel thus formed are closed by triangular pieces of 
thin board, measuring l}i inches on each nde, and which are likewise 
cemented to the glass. Water is then put in, and when used* the prism 
is held so as to have the long cemented edge below. 
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is ddled Bispendon. If the spectnun be made to 
fall upon a mirror, it will be reflected in straight 
lines like ordinary light 

67. ExPBBDCBirr.— To conTinee ourselyefl that 
ordinary sunlight contains the seven colors of. 
the rainbow, let the spectnun produced by one 

prism fall upon a second 

prism of the same size 

as the first, but placed 

wiQ.m. ^ shown in the figure 

annexed. The rays of light, dispersed by the first 

prism, have been collected by the second and have 

produced white light again. 

68. ExPBBDCENT. — ^Tho same may be shown if 
a top, painted with the seven colors of the rain- 
bow, is set spinning rapidly. The impressions 
made in the eye by these diflferent colors are 
mixed together, and thus produce a mixture of 
the colors which is nearly white. 

All this shows that white ewnlight is composed 
of the seven colors of the rainbow. 

69. ExpsBDCBKT.— Between the crack, or the 
hole in the pasteboard, and the prism insert a 
piece of red glass. The spectrum will dien be 
almost entirely red, and the other colors be found 
wanting. Insert a piece of green glass in place of 
the red ; the spectrum will be almost exclusively 
green; with blue glass it will be nearly blue, &c. 
It is manifest, that white light falls upon each 
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piece of colored glass ; and that only one color at 
a time falls upon the prism. Thus when the red 
glass is inserted, only red light falls upon die 
prism, and consequently there can be but a sp^- 
trum of red light. The question now is, what 
becomes of the remaining light — or colors — ^which 
fall on the red glass ? Evidently the red glass 
absorbs all the light except the red, and this it 
throws out. The same takes place with each of 
the other colored glasses ; the green absorbs all 
the light it receives except the green light ; this it 
throws out. The blue absorbs all the light it re- 
ceives save the blue, which it throws out, 60. 
White glass, however, transmits nearly all the 
light, and absorbs very little or scarcely any. 

70. ExPEBncBNT.— If a sheet of red colored 
paper be held facing the sun, and a sheet of 
white paper before it, so as to form an oblique 
angle with it, the portion of the white paper 
which is near the red, will appear red. In this 
case red raps are diffused from the red body and 
fall upon the white. But the red paper receives 
white light from the sun, hence it must have db- 
sarbed all of the white light save the red ; this it 
l^ows out. 

Familiar ^ac^.— Objects near a blue curtain 
often have a bluish hue. The curtain receives 
white light, and absorbs it all except the blue, 
which it reflects. Objects near the foliage of 
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trees and bashes often have a greenish hue, be* 
oanse green leaves absorb all the light that taHs 
upon them save the green ; this thej diffuse in all 
directions, and thus send green light to the ob- 
jects near by. 

A body is colored when it reflects only a por- 
tion of white light. A body is white when it re- 
flets all the white light; and a body is black 
when it r^ects {almost) no ligM^ thai is^ when it 
absorbs all the light. 



Questions. — What causes a piece of red cloth 
to appear red? It sends only red rays to the eye, 
the other rays it absorbs. What causes a sheet 
of white paper to appear white t It absorbs no 
light, but rciJects nearly all of it Some of this 
rejected or reflected light enters the eye and thus 
produces the sensation of white in us. 

What causes a black coat to be black! It ab- 
sorbs nearly all the light, consequently it sends 
scarcely any to the eye. The eye receives just 
enough light from it to become aware of its pres- 
ence, but not sufficient to perceive any color. 

Why is every thing black in a dark night t 
Because, when thete is no light, objects receive 
none, and, therefore, they can not send any to the 
eye. But if no light enters the eye, we see 
nothing (Lesson XXXm). 

Qclor is not a quality inherent in bodies. 



AppUooMtm. — ^The ^^iialut of eolara is wo 
miuulkdjd, tluU it is iMpflMlliietD MBntiop esdL 
Th€j florra to 6BBv«ft flie s cea M j aroond us^to 
impiOFe our own a^eannoey to indirate joj cr 
nuranung. We iwritsta flie thonaand driicate 
hues and tiqgas of flie eoion In natme in our 
paintings, artificial flowen^ and in many different 
oontriTanoes. GcAon also serve as agnals to be 
seen l^fom afiv, hflnee tiheir nse in fig^honses, 
on laiboads (ocdoied lig^X and wifli the nuli- 
taiy (flags), k^ tc 
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LBSSON XXXVII. 

OHBMIOAL ELBOTBIOITY. 

71. ExPERTMTcwT.— Take a plain glass tnmblar, 
and place In it a porous cup of earthenware (un- 
glazed) in a manner such, that between the cup 
and the tumbler there is a finger's-width of space 
left Next have a small sheet of zinc cut as high 
as the cup. Then bend it into a cylinder wide 
enough to encircle the porous cup freely. This 
cylinder is open above and below, with a slit 
through its whole height. On the top, and oppo- 
site the slit, about a square inch of zinc is left 
higher than the rest To this piece, one end of a 
copper wire about a foot long is soldered. The 
sine cylinder is put into the space between the 
tumbler and the cup ; the space is then filled with 
diluted sulphuric acid (a table-spoon fall of the 
add mixed with ten times the quantity of water). 
The cup is filled with strong nitric add. In the 
add place a plate of carbon, to the top of which 
the end of another copper wire is soldered. If no 
carbon plate can be had, a narrow strip of pla- 
tinum may be used, and another wire soldered on 
it If that, too, can not be obtained, fill the cup 
with crushed coke.^ Thus prepared, the cup is 

I. Tlie filling with ooke must be done in the foUowing maimer: Coke 
it pulverized in a mortar, then a small quantity is first pot in the cop 



N 
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placed inside the zinc cylinder ; the diluted acid, 
of coarse, surrounding it. Such an apparatus is 
called a cell or elefnent; if two or more cells are 
connected with each other, the apparatus is called 
a battery. 

The firee end of the wires must be scraped clean 
with a file or knife. If, then, thej are brought 
quite near to each other, a small, bright spark 
is produced. If the tongue is held between the 
two ends, a thrilling sensation is felt 

In the first place, tJie diluted acid acts upon 
the zinc; this action may be seen by the minute 
bubbles rising from the nnc; it may also be 
heard. They are bubbles of a gas called hydro- 
gen. In the second place, we have carbaUy or 
platinum^ in caiUact with nitric acid; the action 
which takes place here is invisible. Thirdly, tTie 
two liquids penetrate the parous cup^ andj there- 
fare, meet with each other. This action is in- 
yisible also. 

The mutual ctmtact of two different metals 
{or of zinc and carhon)^ each placed in a certain 
liquid, produces Cfhemical Electricity. 

This electricity is also called ^' Galyanic Elec- 

and a little nitric add mixed with it, so tliat the powder maj be soaked 
with add. This is repeated several times, imtil the cup is nearly filled 
with saturated coke. On top of the coke a lump of coke is placed, 
around which a copper wire is wound several times, so that about a foot 
length of wire remains free. That the coke lump may stand firmly, 
surround the lower part of it by coke powder. 
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tricity,'' because it was discovered by Gkilyaiii, 
an Italian physician, toward the end of the last 
centory. 

The electric spai^ is seen only when the free 
ends of the wires are brought together. The zinc 
is in contact with the diluted add ; dectridty 
passes from the zinc to the adds, and thence to 
the carbon, and from the carbon, ^ectricity, tiiat 
is the invisible electric ctirrentj passes along the 
copper wire, returns to the zinc, th^i to the diluted 
acid again, and so forth, in die same manner as 
above, forming an uninterrvpted ewrent of Eleiy 
tricity. If the metals (wires) are not very near 
to each other, ho spark is seen, and the current is 
interrupted. If the end of (me of the wires be 
attached to a pair of scissors, the spark will be 
seen at the point of the scissors on Ininging it 
very near to the other wire. Nor would it make 
any difference if the wires had greater l^Dgth. 
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LESSON XXXVIII. 

THE BLBOTBO-MAQNBnO TKLBQBAPH. 

Next to the steam-engine the telegraph forms 
the wonder of onr age. Its eminent usefulness 
and, more yet, the incredible rapidity with which 
it comnmnicates messages from one plaoe to an 
c^er, is something so new, so extraordinary, that 
we are tempted to believe there is notidng which 
the hmoian mind is not capable ot penetrating. 

The fire*signals of the ancients were no longer 
sufficient for the increasing demands of civiliza- 
tion. Toward the end of the last century, so-caUdd 
^^ optical" teleg^phs, consisting of high poles 
erected upon high buildings or hills were used in 
France. By means of moveable arms attached to 
them, signs could be made which in dear weather 
were visible at great distances. But when, in 1820, 
it had been discovered by Oerstedt, a Danish pro- 
fessor, that the electric current running along a 
wire, exerted a certain influence upon iron, it was 
at once proposed to apply that influence to the 
telegraph. 

The flrst electric wire by which messages were 
sent, was put up by Steinlieil, between his place 
of residence in Munich and the astronomical 
observatory near that dty. England soon fol- 
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lowed the example; so did America. As is 
idways the case with new inventions, a great 
many improvements were made in rapid sncces- 
sion. It was an American, Morse, who, by a very 
simple but ingenious improvement, brought the 
telegraph to its present degree of perfection. 

The principle of Morse's telegraph may be 
illustrated easily by the following experiment : 

72. ExpxBnoBirr.— A eylindrieal rod of soft 
iron is bent into the shape of a horse-shoe. The 
rod may be i inch in diameter and 10 inches long. 
Its two ends must be filed smooth ; the whole is 
then covered with clay and placed in a coal fire. 
There it is left for a time and allowed to cool 
gradually, until the fire has gone out. After this 
the clay is removed, and the two ends filed smooth 
again. Then take a coil of copper wire of about 
y>, of an inch diameter, heat it red-hot and cool 

it in water. Silk ribbon is then 
wound around it (old silk rags 
sewed together and cut into strips, 
will serve the purpose very well), 
in a manner such that' the ribbon, 
about i inch in width, shall com- 
pletely envelop it. The wire thus 
covered, is wrapped round the 
iron in close windings. (See Fig. 87.) When 
beginning to wrap, leave about two feet of 
wire free, wind then closely near to the bend; 
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leave the bend uncOTered, and stretch the wire 
across to the other arm. Then proceed down- 
ward to the other end, and leave the last two feet 
of the wire again free. Both ends of the wire are 
to be scraped clean, and afterward connected with 
the wires of the galvanic element, so that the wire 
starting from the carbon (or platinum) be con- 
nected with one of the wires of the horse-shoe; 
and the wire of the zinc cylinder, with the other 
wire of the same.^ 

If now a piece of soft iron, smooth cm mw 
side, or a nail, be held at a small distance from 
the ends of the bent rod, it will be attracted by 
them, and adhere. The eUctricUy flovdng a/rimnd 
the iron rody has rendered the rod magnetic ; Um 
ends are now magnetic poles. (See Lesson in.) 

The galvanic current now travels from the car- 
bon idong the wire, passes through the place 
where the wires are fastened together, and enters 
the wire leading to the horse-shoe. Then it runs 
through all the windings of the two coils, and, in 
doing so, constantly flows around the iron rod. 
Leaving the iron rod at the other end, it passes 
along the copper wire, enters the (zinc) wire where 
the two wires are connected with each other, and, 
finally, arrives again at the zinc, whence it starts 
again to make the same travel anew. 

I. The connectioii may be effected either by holding the tiro respective 
wire-ends firmly together with both hands, or by twisting them dosely 
together* 

10 
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Bisoonnect one of the wires, either bj withdraw- 
ing one hand, or bj untwisting the wire ends; if 
the iron rod is of tke right kind, the piece of soft 
iron attached will drop instantly. If held up 
against the poles again, it will not be attracted 
so long as the wires remain disconnected. The 
iron rod shows no traoe <rf magnetism. Evidently 
it was magnetic only as long as the electric cnr- 
lent flowed around it.^ 

Iron becomes magnetic when an electric current 
passes around it in many windings. When the 
€Wtemt is interruptedy it ceases to be magnetic. 

Such an iron rod has usually the shape of a 
horse-shoe, or hair-pin, and is called an Electro- 
Magnet The piece of soft iron applied to its 
poles is called the Keeper. 



Prindplea of the Electrie Telegraph. 

I. According to Lesson m, magnets have the 
power of attracting iron ; by means of alternately 
closing and breaking the electric current. Hie 
electro-magnet renders a piece of soft iron aUter" 
nately magnetic and vmmagnetic. 

n. The length of the wires connecting the gal- 
vanic battery with the electro-magnet is imma- 

I In most cases some electricity is left after the corrent lias been in. 
terrupted. It lasts, however, bat a short time. 
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texial ; it may be thimsaTids of mUes. Thus a 
battery may be in the city of New York, while 
the electro-magnet with which it iB connected is 
set np in St Lottis, a distance of 1300 miles of wire. 
in. A person stationed at the batteiy, may, 
by disconnecting and conneoting the wiies> ^reoifc 
tmd close the current at his pleasure. 



The three prinoiplee can be demonstrated 

by a simple apparatos shown in Fig. 38. Two up- 
right pieces of board, MIf, are fastened to a table 
BO as to admit the 
wooden piece, B, 
between them. The 
hOTse-shoe rod, Af 
Is made an electro* 
magnet whenever 
the wires are pro- 
P e r 1 y connec^d 
with the galvanic 
element A piece 
of soft iron, d e, on 

which thin paper ' 

has been pasted, is 
attached to a one- 
armed lever, b C> na-gg. 

whose falcnun is at D. When the eleotric cnr- 
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lent passes through Aj the poles of the Electro* 
magnet attract the Keeper de; but on breaking 
the current by disconnecting one of the wires, the 
Keeper will drop. To prevent its dropping too 
fieur, there is a wooden support, g, which does not 
allow the Keeper to separate from the poles of the 
Electro-magnet more than perhaps 1-10 of an inch. 
A piece of wire previously wound ardund a lead- 
pencil, serves to draw the lever promptly down- 
ward. The paper pasted on the Keeper immedi- 
ately disconnects the latter from the^les of the 
magnet when the cursent is broken. Lastly, a 
wooden point, /, writes the message upon an end- 
less band of paper, which is unwound from a 
cylinder above it. This cylinder is not repre- 
sented in the drawing. 

When the keeper is attracted by the magnet, 
the point / makes a mark or indentation, on the 
paper. But when the current is interrupted, the 
Keeper drops, and the point drops at the same 
lime ; consequently no mark is then made. To 

represent the letter'o, for example, a sign : , 

is impressed upon the paper; the operator at the 
delivery station closes the current for an instant 
only, this produces the small line — ; then he 
breaks it, but immediately afterward closes it 
again, and keeps it closed three times as long as 

before. This produces the other line, , and 

now the letter a is on the paper of the operator 
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In the receiving station. To write the word table, 
the following signs are necessary : 



t a b I e 

Experienced operators are able to write down 
the messages merely from the clicking of the lever. 



Magnet and Electro-Magnet Compared. 

Five points in common : 
1. Both attract iron. 

5. Each has usually the form of a horse-shoe. 
8. Each has two poles. 

4. In both the power resides chiefly at the ends. 

6. Both are eminently useful to man : the Toag-^ 

netic-needle as a guide upon the ocean ; 
the electro-^nagnet as a carrier of messages. 

fFhree i>oint8 of difference : 

1. A magnet has no wire coil (helix) around it; 
an electro-magnet has. 

ft. A magnet always attracts iron ; 

an electro-magnet, only when an electric 
current passes around it 

8. By means of a magnet, a needle may be ren- 
dered a permanent magnet ; 
with an electro-magnet a needle is magnetic 
only during contact with the electro-magnet. 

MmA " Tki Old TeUgmphs,'' p. 69-" Tht Laying of ike Atlantic 
(MU^** p. 193, in '^Inventioiis and Discoveries," by Temfde. Grocmi. 
bridge. London. 
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LESSON XXXIX. 

BBVIBW. 



Lbsson 

1. The Sun, the Fixed Stars, Electricity, Fhos* 

phorescence, Luminous Animals, and Burning 
Substances, are Sources of Light. 

2. Neither the plants nor most of the otjects 

around us, are self-luminous bodies. 

8. Bodies not self-luminous are visible only when 
they receive light from a self-luminous body, 
and when a portion of that light forms an im- 
pression upon our eye. 

4. Light emanates from a self-luminous body in 
all directions, and travels in straight lines. 

Lbssok xxxm. — 

6. All bodies reflect light radiantly. 

6. Objects with polished surface reflect ligiht, both, 

radiantly and specularly. 

7. All bodies appear to be in the direction whence 

their rays enter the eye. 

8. Bays of light, on passing obliquely through 

substances of diflferent density, such as glass, 
water, or air, deviate from their straight 
course; they are refracted. 

LBSSOK XXXV. — 

9. An object before a convex lens, appears mag- 

nified to the eye situated behind it. 
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LESSON XXXVI. — 

10. White stmliglit is composed of the colors of 
the rainbow. 

11. A body is colored when it difftuses only a por- 
tion of the white light it receives ; a body is 
white when it diffuses all the white light it 
receives ; a body is bl(zck when it absorbs all 
the white light it receives. 

12. Oolor is not a quality inherent in bodies. 
UBssoN xxxvn. — 

13. The mutual contact of two different metals 
(or of zinc and carbon), each placed in a 
certain liquid, produces chemical electricity. 

14. Chemical electricity travels in a circuit from 
its source and back again. 

Lbssok xxxvm. — 

15. Soft iron is magnetic, when an electric current 

passes around it 

When the current is interruptedi it ceases to 
be magnetic. 

16. The principles of the Electric Telegraph are : 

1. A piece of soft iron may be rendered alter- 

nately magnetic and li/nmagnetic by means 
of an electeo-magnet. 

2. The electric current travels over amy length 

of wire. 
8. A person stationed at the electric battery, 
may close and hreaJc the current at his 
pleasure. 



QUESTIONS. 



(Questiaiii pceoeded by a •■ are of a more difficult character.) 

LESSON L-GRAVITY. 



I. Why does a stone in cor hand 
nocfidl? 

%» Why does it fiOl When drop'd? 

PAGS la — 

3* Why does a pcncfl roll down 

fipom the desk ? 
4 Whither does a stone thrown 

into a pond fidl ? and why ? 

5« Whither does a sign-board 

Uown off by the storm? and 
why? 

6. Whence does rain^ snow and 
hailstones come ? and why ? 

7- When does water form water* 
£dls? 

& Why do ooab &I1 throng the 
Srate? 

9w Vnxf does sooty through the 

air? 
10. To what purpose are heavy 

rods attached to maps and 

curtains? 
II* To what purpose are clocks 

provided witn weights ? 
1% Why is it diat all bodies near 

the earth have a tendengr to 

approach the earth? (Text 

p. 10.) 
tj. Give the law of gravity. 

PA6S II.— 

14. Whyisastring, withaweb^it 

attached, drawn straight/ 

15. What prevents the weight 

from nlline? 

16. What does the string indicate? 

17. Define vertical. 

18. What is a plumb-line? 

19. Give the law of Direction of 

Force of Gravity. 

PAGE 12.^ 

aa Why does a large stone press 
itself partly into the ground? 



PAGE 12.—* 

21. Why do heavy wagons make 

ruts? 

22. In what manner do ladies 

judge of silk robes? 
t%. Define weight, 

24. What is a balance? 

25. What are the wd^ts? 

PAGE 13.— 

26. Hfow does it come that a pound 

of coffee has as much weig^ 

as a pound of lead? 
37. — - a pound of feathers as 

much as a pound of iron? 
2S. Of what force of Nature is the 

Balance an application of? 

29. Ck>dc weights/ 

30. Hour-glasses? 



31. Why is a large drop of mer* 

cury lying upon the table 
never entirely round ? 

32. Why do wagons, unless 

checked, roll down hill with 
mat rapidity? 

33. Why do hght bodies, such as 

feathers, bits of paper, ftc^ 
fidl to the ground more slow- 
ly than heavv bodies, sudh as 
stones and tne like ? 

34. Where must a rod be support- 

ed to be evenly balanoM ? 

35. Howcanthewei^tc^abodv 

be found, by means of a bair 
ancedrodr 

36. Has a body die same weight 

on different heavenly bodies? 

37. What will a pound of tea 

weigh on die moon ? 

38. What, on the sun ? 

39. What, m the center of the 

earth? 

40. What, halfway between cen- 

ter and surface ? 



IKDBZ. 

PAOB. PAGB. 

Lenses........ •••••.••.... 153 Pump, Common.. 74 

Level.. ...••. 13 Pump, Forcmg 77 

Lever 59 PuU S4 

Ligfat» Direction 124 Push ^ S4 

Light, Sources 122 

Light, Radiant and Specular Radiation of Li^^t 125 

Reflection 125 Rain 89 

Lidit, Radiant and Specular Reflection <^ Light 125 

Keflecdon Compared. 127 Refraction of Light....... .. 129 

Li^tning. • 26 Refraction of Light, Law.... 131 

Lig^itning-Rod 27 38 Repulskm, l^ecSic.... 23 

Locomotive 117 118 

Low Pressure..... ......•*. 115 Sdf-luminous...... 123 

Sliding-valve........ ........ I15 

Bg^edc Attractibn i^ somid:::::::::;:".:::i.T.!: ? 

S^ wm^'\dflrEki^ Spark, Electric. 21 



S^S^J^T^ «« Steam-Enginc, Atmospheric.. 105 

22:^SP^ «5? Steam-Engine, Newc^^'s.. 108 

Steam-Engine, Papin's.... .. loc 

Steam-Engine, Savery's id 

Steam-Ei^iie, Watf s 112 



MSSa>«^";fHVi^ 9J iSS:®^ &;?S?r.;::^ 
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Needle, How rend. Magnetic. 10 Tdegraph. •! 144 

Ncwcomen's Engine 108 Telegraph, Principle of,. .... 147 

Nvt-Cradcer ...^ O' Tel^rafdi, Prin. Demonsfd. 145 

Thormometer*. 100, 102 

Pkpin's Appamtus 105 '^^j^^^^f^ ^P*^ ^^ ,^ 

pSSdumTfl. 65 Barometer ^ 104 

Persons Drowning 10 .. 

Pidi-balls, How made 22 S"??^— ^ 

Phnnb-line. ...... Ii "erticaL II 

Polesof Mil^!1 19 Visible Direction. 128 

Pop-gun 43 

Pores 31 Watt, James • Ii2 

<tf Air 46 50 Wei^ 12 



Pressive, Downward 12 ^T^ds, Cause of •*...• 08 

132, 136^ 137 W<Mrk doi^ by forces 83 
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41. Would It wei^h more, or less, 
if at a ooiisiderable Hiaffm^p 
above the surfMe ? 



43. What causes the tide-waves ? 
43. What, the revolution of dia 
moon around the earth ? 



LESSON II.~SPEaFIC GRAVITY. 

VLOATING AHD SINKING SOLIDS. 



PAQB 14.— 

44* What if meant by the state* 
ment *^ater is heavier than 
dl?" 

45. How should the statement be? 

4a Ptove that a pound of water 
is as hbavy as (better^ has 
the same weight as) a pound 
of oiL 

47. Why does a fnnt of mercury 

wd0k more than a pint of 
water ? 

48. Why has a solid rubber-ball 

more wei^^t thanahdlow 
one? 

49. Have all solids the same 

wei^? 
$a Have all liquids ? 

51. Define Spedfie Gravity. 

5a. What mt l re s oil float on water? 

(Answer: The fiict that oU, 

ccc, &c) 

53* How does it come that smdce 
rises, while soot fidls? 
(Quest 9.) 

54. Why does ou rise thro'water? 

55. Why do balloons rise throush 

theair? ^ 

.56. Give kw about Fluids of dif- 
ferent specific gravity. 

57. Why does a piece of wood 

float, while a stone sinks, 
when thrown into water ? 

58. Prove that liquids have 

weight 

59. Will the weight of a pea of 

water be increased wiien a 
fish is thrown in? 

60. Why does an empty flask float 

on water ? 

61. Why does it not also in air ? 



lAGX le- 
fts. V/liy does a bottle filled with 
water sink in water? 

63. Why does it float on mercury? 

64. Uftder what circumstances 

does a body float ? sink? 
6$. Why do iron-dads float? 

66. When vHll the body of man 

float? 

67. Why is it difficult &r hadiers 

towalkin water ddn deep? 
(In text) 

68. In diawfaig water fitim a weQ, 

mhj has the bucket more 
weight as it emerges firom 
the water? (Same.) 
6^ Why may heavy stones be 
lifted in water, while on dry 
land they can scarcely be 
moved? (Same.) 

70* What should persons whocaa 
not swhn, do on fiiUing in 
tiiewater? 



71. Why does ice float on water ? 

72. Why does a fiiU tumbler run 

over when a stcme is throvm 
in, and not when a piece o( 
sponge? 

73. Why does wood saturated with 

water, sink? 

74. Why do some bodies, floating 

on vrater, sink in it more 
than others; thus oak wood 
more than pine wood ? 

7$. Why can persons float on 
water by means of life-pre- 
servers or bladders fiUed 
with air? 
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76. Why do we often see a sedi* 

ment on the bottom of vet 
seh oontaining liquids, after 
they haye been standing for a 
time? 

77. Why do drowned persons, 

after having lain under water 
for a time, rise to the sur- 
&ce? 

7& Why do ships sink deeper in 
river water than in the ocean? 

79. Why does a hen's egg float on 
water strongly sa^d, whfle 
it sinks in firesh water ? 



8a Why does water m a vessd 
rise hif^er on dropping into 
it a pound d iron than it 
does when a pound ot lead 
is dropped inr 

81. Why must a dog sometimes 

dropa heavy stone (after hav- 
ing fetched it from the bot- 
tom of a water) when he 
reaches die surfiice? 

82. What enables fish to move up 

and down in the water aft 
pleasure? 



LESSON IIL— MAGNETIC ATTRACTION. 



rxGS 17.— 

83. Under what drcumstanoes 

win a plumb-line change 
fitnn the vertical direction ? 

84. Will u also change ii its weight 

is a stone ? 

85. Mention a force which may 

overcome gravity* 

86. Show that magnets and un* 

magnetic iron attract each 
other* 
87* Give a property common to 
both, magnetic attraction and 

rvity-attraction« 
- 

88. Where does the power of a 

magnet chiefly rttide? 

89. What is the difference between 

amagetandapieceofun. 

9a What is the name of the ends 
of the magnet? 

91. Where do these ends point ? 

93. In what position must the 
magnet be in that case? 



PAGE 18.^ 

93. State the law of direction of a 

magnet 

94. What action is seen in two 

magnets whose like ends 
are Drought together ? 

PAGB I^ — 

95. Give law for it 

96. Whence the application of 

magnets? 

97. Is a magnetic needle liable to 

deviate more on a woodea 
vessel than on an iron? 

98. How may a magnet be made? 

99. Why have magnets usually 

that form ? 
100. Describe a magnet 
loi. Does the earth act like amag* 

net? 

fior yow answer. 



102. What reason have the French 
for calling the nordi pole of 
a magnet Its "South Pole," 
and the south pole its "Nortti 
Pole?'' 



LESSON IV.— ELECTRIC ATTRACTION. 

PAGS 20. — PAGB ao. — 

193. Whence the term "Electri- 105* Same, regarding paper. 

«^^ ^" ,i Jo6. State the source of electricity. 

104. What power may sealing-wax, „- . ,. 3 

sulphur and ^asTa^uire; >o7. What pecuhar property do 
ana on what condition} electric bodies manifest 
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PAGX ai.— PAGX 23.— 

'^ ^t^J^SSS^^y**?^ «i. mat phenomena, if first seal. 
wor. ix^^^Cf^^*?^'^**^^ ing-wax and then glass is 

pi^er against one's &oe? -^ t*,^ -^ ,^ , . 

PAGE ^.-- '^^ '^^^ **^ y®** explain your 

iiaWhat becomes of dectridty .^g..^!!^^ 

^^'ri^f ^•^^"'' «3.wL phenomena if first seal- 
Ill. Mention two good conductors mg-w« and then alass is 

of electricity ^^^^^^ *^® *^ ^^ ^<> 

Iia, Three non-conductors. ,^ J?!?^^ 

113. Give difference between good '^ ^^-^^'^SJ^^*^ ^"^ "^"^ ^^ 

conductors and non-coiSuc- the two pith balls wu pre- 

ors. "^^ sealing-wax, and at the 

Can electricity be produced ««»« time, glass to the other? 

upon both (^ses of bodies? ^^age 25.— 

PAGE 23. — 125. How many kinds of dectri- 

114. "What phenomena take place <^ty? l«jfame them. 

when electrified sealing-wax 126. Give law of electricity. 

StTST? ' •'"^^ "7. ExDlain principle and action 

115. men, only, do they take of Li ghtning R ods. 

place? ■ 

tid. Did younotice anything simi- I2& On rubbing glass on flannel, 

larmm^ets? do vou produce only one 

»»?• In gnivity ? kind of dectridty, or both 

118. What phenomena, when dec- kinds ? 

trified sealing-wax is pre- 129^ Why does an dectrified bar 
sented to two pith balls t of sealing-wax gradually lose 

119. What force is overcome in that its dectndty ? 

_,«w«?^ 13a Why do small pith balls upon 

120. Was that same force ever a table jump tm and down, 

overcome before? (Comp. if a sheet ofelectrified paper 

question 85.) be hdd over them. ^^ 

LESSON v.— UGHTNING.-LIGHTNING-RODS. 

PAGE 26.— PAGE 27 — 

*^'' ^'^^J^, aH^'^ J^. 135. What m«le the fifcws rf die 
r^^ tte explwtKm of » strfagbrntk up? 

132. Give an account of Franklin's '^ ^'^^^ ^^^^^ Franklin's experi- 
experiment ment demonstrate ? 

— ^Why the pdnted iron 137. What is the cause of lirfit- 
wure on top of his kite? ning? 

134- What was the purpose of Uie 139^ What objects are most liable 
*^W? to be struck ? and why ? 
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PAGE 27. — FA6B 28. — 

14a Why should you not stand 142. Give an aooonnt of the light- 

under a tall tree during a ning-rod. 

thunderstorm? 143. On what conditions may a 
PAGE 28. — lightning-rod be calledgood? 

141. Which is the safest place In a 144. W£it becomes of the light- 

room during a thunder- ning after passing down 

storm ? along the rod ? 

LESSON VL— COHESION. 

PAGS 29.— PAGE 31.— 

145. Why is it that meat mnst be 154. What is the great enemy of 

dU, while bread may easily cohesion ? 

be broken? 155. Why does oil foim larger 

146. Why is water easfly dirided, drops than water ? 

while ice is not? 156. What are pores ? 

147. What » the njuneof the fof« ,57. Why is a dry sponge smaller 

which causes the parts of a ^' than a wet ooc?^ 

soUd to ronam togetttt ? ,58. What makes blotting-piq;wr 

14«. Why IS rolled iron stronger ^ remove fresh ink ?^ "^ 

than omimon nronf ,-g^ Why do doors, wmdow-frimet 

"^ ^L"^ P^iPT ^V*' » anid drawen often swdlin 

knowledge of the cohesive dampweadier? 

.. /-^?iS7*i « *^» 16©. How IS it that mercury can be 

iSa^CouW birds fly in water? ^,^ through a^leather 

151. ^[y woidi it be difficult for ,61. m5 ^causes wooden tubs to 

us towaDcthro^ molasses? leak in summer? 

15a. What must be done to break ,6a. What may be done to preveni 

»^y\ •. , this? 

ici. Why has a walking-cuie lost ^ «^ ^ «» 

its strengdi if Stter bdns *^ Define Umacicus. (p. 37, «a 

brokenTue parts are g^ueS '^) 

together ? 164. Define kanL (Ibid.) 

LESSON VIL— ADHESION-CAP. ATTRACTION. 

PAGE 3a.— PAGE 33-^ 

165. How can two leaden bullets 171. What two forces are in strug* 

be made to a^ero? de with each other when tbs 

166. Why do not two bricks ad* mmd is placed in water ? 

herein ibt same manner ? tim IVfine adkaiotu 

167. When, only, does adhesion »7a- ^^« «»''«'«^ 

Pi\OE It.— ^^ vAiti\ plates separated with 

168. rfSWmav two rough surface. f^ ^Ay^ ^!L^'i 

be macte to adhere? gether and firmly pcewed? 

16^ Why does the hand become «74. Why does firesh pafait adhero 

wet when immersed in to one's dross ? 

water? (Given m text) '^®'Jl5-~ ^ ^v^ 

170. Why doesit remain dry when 175- What 5» »«P*n«T tube 

dnwn out of mercury ? 176. Define capillary attractkm. 
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PAGE 35.— 

177. What causes the sponge to 183. Why is a mased fjass not 

absorb water? (Comp. 157.) moistened when immersed 

17& Why may ^gs and meat be in water ? 

kept fresh in sand ? 184* Why does a small drop of 

179. Explain die action of oil in water on a board remain tho^ 

lamp- wicks. the board be inverted? 

180. How, and why, may grease 185. Whv does a drop of mercury 

spots be removed nrooi the fiul when the board is in- 

floor ? verted ? 

l86» Why does a small drop of 

" mercury on a tin plate re- 

181. Why do two papers pasted main when the plate is in* 

together adhere firmly ? verted ? 
18a. Why may the hand be drawn 187. Why do figures drawn with 
out of the water dry, i^ be- the finger upon a window- 
fore immersed it was cover'd pane, become visible if we 
with Lyoopodium powder? oreatheonUiem? 

LESSON IX.— ELASnCITY. 

rxGB to— pAos 4a^ 

188. what makes an arrow, shot firom a considerable height, 

firom a cross-bow, fly a grent than if it has merely Men 

distance ? pressed with the hand upon 

189. What makes sted, ivory and that surfiice ? 

India-imbber resume their I92« Why does an India-rubber 

former position after being hm rebound on striking ? 

bent ? PAGE 41.— 

190. Define elasik* 193. How may the dastidty of air 
PAGE 4a — be shown ? 

191. Why is tiie spot which an 194. Define MtUe. 

ivory ball receives upon fidl- 195. D^ne malUabie and ducHU* 

ing on a bladLCned surfine^ 190. Give examples of brittle, mal- 

larger if the ball has tallen leable and ductile bodies. 

LESSON X.— ELASTICITY OF AIR. 

PAGE ^~ PAGE 43.- 

197. Show tiiat ahr, like evenr other 203. what causes the air inside a 

body, maintains its place. Heron's Fountain to be com* 

PAGE 43.- ,^Pf**.l*^lv 

.-.• m. J _^ ^ . fl04. Descnbe the action of a 

'^ ^Z*i^ 5?* ^^/"^f Heron's Fountan. 

b<^e m the neck of which ,05. Give the kw on elasticity of air. 

a funnel IS cemented? aoS What is an air-chamber ? 

I99i Describe Ihe action of die pop- 207. Describe its actio 

gnn. == 

9oa What is its principle ? 108. Why do fire-wheels turn? 

aoi. Principle of the btow-pipe ? ^^ S!)^ ^^ sky-rockets ascend? 

r r-r- j,Q^ "^Yhy do cannons recoil when 

202. Principle of the Diving-bell ? fired off? 
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LESSON XI.—PRESSURE OF AIR. 

FAG£ 46fc^ ^ ^ „^ , . J. , .. 

211. Why does the water not flow ai6. Why do we not feel ttie 

from a filled inverted turn- pressure of air exerted upon 

bier, with a piece of paper us ? 

pressing a^jainst it ? 217. Why are travelers more easily 

ai2. Show that air presses down- fetigued on high lands than 

ward. chqIow lands ? 

PAGE 47.— _^„.^ ;« .n 21& What makes us fisel tired dur- 

aij. Showjhat air presses miU «»• w excessive heat, or before 

,.«, ,^*^^'^- raimiderstonn ? 

PA6B 40.— •.«.**« 

214. Why does not vinegar flow 219. Whv is it that, when a botue 

from a barrel whose bung- filled with air in the low 

hole is closed? land is taken up on high 

land, the air will escape with 

' violence when the bottle is 

aiC Explain the action of Uie opened ? 
"Thiet" 

LESSON XIL— BAROMETER. 

rAGB49.-* PAOIJI.— 

sao. what is a vacuum? 232. Why, fidr weather ? 

221. Describe the barometer. 253. Are its prophecies reliable ? 

222. What supports the column of 33^ what influence does moisture 

mercury^ ju ^1^^ atmosphere exert upon 

^^®",iS*^j X .V V tv .^ the barometer ? 

223. Why does not the bulb need 

tobeopen? =^^= 
223 What do force of j^essure, 

ma£[netic attraction, and 33^ To what extent may wind hi* 

gravity-attraction have in flaence the barometer? 

common? (Remember that wind is air 

225. Give the amount of air-press- » motion.) 

ure. 23$. Why does the mercury in flie 

226. What causes the mercurial barometer fell when carried 

column to rise? up on the mountams ? 

227. What causes it to fell? «37. ^>ots atmospheric pr<^«[«^ 
o xxn. s.' 1. -% cxtaiS€ or decrease, as we go 

228. What IS Its use ? away from the earth? 

^ Sh«w A.t the air.pres«« lJS^^T&- 

out-doors IS the same as that '^y^ °^ "iTT^ a^^ ? 

inside the house. nal column stand there ? ^ 

PAGBji.— 2^ How high on the sun ? 

t3i. Why may the barometer in- , ^^, ^^x.y 

dicatendn? 340. At the center of the earth? 
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LESSON XIV —INERTIA. 




YAGX 53.— ■■" 

241. SSom tbat a body at rest re- 246. Whr may the loose handle of 

mains at rest nntil set in a nammer be &stened again 

motion by some force. by knocking the end oT the 

14a. Show that for a body to be handle against a hard object? 

set in motion^ time is neoes* 247. Why may a stopped-up pipe 

sary. « be cleaned agam by forably 

TAfimUfff knocking against one of its 

^3* Siir that a body once in mo- ends? 

9 ^'tiMi rem|jns in motion nntil 248. Why must good bridges have 

stoppedTj a great mass ? 

Show tharnr the motxm of a 149. Why may a candle be shot 

body to^^p, time is neces- from a great distance thro' 

sary. " ^*^ a board ? 

344. Define infBia, 250. Why do cannon or rifle balls 
245. Why isajly^hed an appUca- make a drcular hole if fired 

tionoffieitia. at a window-pane ? 

^SSON XV.— INCLINED PLANE. 

PA9S Sfi.'p }-w PAGE 58. — 

251V What is u^ndined Plane? 258 Why does a bullet thrown 

252. Why doei alban on it fiOl ? "^^ ^ hand inflirt less 

253. Give three familiar mstances gu^ f 
^ an indeed plane. 35^ \srhy may hailstones destroy 

PAGK'jy. — fVj standing grain ? 

254. Smw thaHie steeper an in- 260. What does Uie falling of bodies 
Cc^ed fflane is, the greater on an inclined plane show ? 

gL is the v^Mity of a body fell- a6i. Whence the practical appUca- 
WF^Bf on it. tion of the inclined plane ? 

^5. Stew thi^^n that case the *^ "^^^^^^ ^""'^P^* ""^ ^ 

^rj^^'''*^'^''" 263.— ^e ax? 

-^eater.*^ ^^ of the skid? 

250. Sb^w thati4libody mcreases m ^ 

'- 'ocity 1^ the space in- ^65. Why are roads leading np 
^^rpfiough which It steep mountains made in 

^^^ windings? 

257^ snow that the greater the ve- 266. What is meant bv the left;g^A 
^ lodty of a body, the greater of an inclined plane ? 

" ito striking force. 267. What, the A^i^iir 

LESSON XVL— LEVER. 

PAGE 59. — PAGE 59. — 

268. Wlien is a balanced rod in a 271. What is to be noticed in lift- 

state of equilibrium ? ing the end of the longer 

269. Why then? «Jf^^**^^^^ , , 
^ ^ 272. What, if the lengths of the 

270. Why will the longer arm of a two arms have the ratio cd 

rod fall ? I to 2 ? 
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PAGE 59. — PAGE 61. — 

273. what characterizes the end 28a What is a lever of the first 

of the long arm of a lever ? class ? 

PAGE 6o. — 281. Give three examples, andex* 

274. What have hailstones in com- plain. 

mon with a small weight at 282. What is a lever of the second 
the tod of the long arm ? dass ? 

275. Define the lever. 2^3- Give three examples, and ex- 

276. Give a general law about it ^g^. jo^ch dass of levers does 

277. What does the amount c^ the oar belong ? and why ? 

pwer needed to hft a load 285. The wheel-barrow ? 

by means of a lever, depend 286. How may a heavy stone be 

upon? lifted? 

278. How may it be found ? 287. What is the stone then called? 
PAGE 61.— 288. Why are levers used only for 

279. Give the three important moving loads through short 

points in a lever. distances ? 

LESSON XVIL— THE PENDULUM. 

PAGE 63. — PAGE^. — 

189. wW is a vibration? 297. What is the office <tf the 

290. Explain the vibration of a crutch? 

pendulum. 298. Explain how it comes that 

291. How many forces act upon it, weight in a dock causes the 

and what are they? hands to move with uniform 

PAGE 64. — velodty. 

291. Show that the vibraticm of the 299. What is the motory force of 

same pendulum, whether docks? 

quite snort or. not, takes 30a What the ^^'^i^/me^ force ? 

place in the same Icsigth of =z= 

time. 301. Would a pendulum placed 

293. Show that a short pendulum high up above the earth's 

vibrates more qmckly than sur&ce, vibrate more quickly 

a long one. or more slowly than on 

PAGE 65. — earth? 

294. Wnat is the prindple amdica- 302. How on the mocm ? 

tion of the pendulum r 303. How on the sun? 

295. Explain its action. 304. Midway between the earm's 
290. What is meant by winding up surface and center ? -» 

a dock ? 305. At the center of the earth ? 

LESSON XVnL-COMMUNICATING VESSELS-HYDRAULIC 

PRESS. 

PAGE 67.— PAGE 68.— 

306. Show that the surfiice of quiet 309. Explain fountains. 

water is always level 310. What causes fountain-jets to be 

307. How does water stand in a shorter than ti^ey ought to be? 

tea-pot? 311. How does it come that our 
PAGE 68. — , water-pip>es can lead water 

308. Show that your statement to the upper part of houses, 

must be true. contrary to gravity ? 

II 



1(B nB8T LS880N8 IH PHT8I08. 

PAGB 68. — PAGB 70. — 

31a. De^e CommtmiaUMii Vu* 315. Demonstnte it 

313. Why may wrtcr-pipei under 3>^ G»^«»«»««nd dtteof iHip 

ground be said to be com- pbctfion. 

mnnicating tubes? (Text) pagb 70.— 

314. Gire law about ptessure of 317. Explain the action oC the hy 

hqoids. ^auBc press. 

LESSON XDC^BREATHING— BEIXOW& 

PAOB 71* — PAGB 72. — 

318. Why can we, with a tnbe» sock 326. Compare the action of the bel* 

up water with the month? lows with the actkm of 

319. Explain the process of Inhala- breathing. 

turn. 337. Explain the act of smoking, 

tso. That of Exhabtion. 328. That of drinking. 

521. What is meant l^ ^miMM^/ 329. Could we breathe in a ^acn'm? 

322. What is a vacuum ? Give reasons for yonr answer. 

323. What takes place iHicn air has ', 

access to a vacuum? 33a Would the bellows work in a 

PAGB 72. — vacuum ? 

324. Explain the acdon of the bd- Give reasons. 

lows. 331. Would the bellows work In 

^5. What is a valve? water? 

LESSON XX.-COMMON PUMP. 

PAGB 74.— PAGB 76. — 

332. £»[>lain the action of the sy* 342. What is meant by rarified air? 

nnge. 343. Why does the water in the 

333. What causes the water to rise suotion-pipe rite? 

m it ? 344* What is the position of the 

33|. Would it rise if water and valves when the piston ii 

syringe, both, were in a being lowered? 

vacuum ? 34J. What do you pump out first ? 

335. What are the prindpel parts 34S. What causes the water to flow 

of a common pump ? out through the spout ? 

PAGB 75. — 347. What causes the lower valve 

336. Where is the piston when the to dose ? 

handle is drawn out fiuthest? 348. What, the higher? 
PAGB 76.— 349. Give the principle of the com- 

337. When is the piston at its mon pump. 

hichest ? 35a What is a pump? 

338. In Uiat case, what is below 351. To what purpose is the lower 

the piston ? valve? 

339. When the piston commences 352. The upper? 

rising, which of the two == 

valves is opened ? 353. Is there any similarity between 

340. Why ? the common pump and the 

341. When the piston is at iU hi^- bellows ? 

est, which valve is dosed? 354. Explain your statement 
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355. Sinoe the one serves to piiii^> 356^ Compering the oommoii poaqp 

out w-er. «.d 4e ojer to wA^^b^ete^^gve 

pomp out air, why has the |^ common, 

litter hot one vahre? 357. £i|^ points oi difierence. 

LESSON XXL— FORCING PUMP— FIRE-ENGINE. 

PAGE 77.— PAGE 7S.— 

35& Howhic^(theoretica]hrspei^- 371. When the piston is at its low- 
ing) may water be l^d with est whidi valve is open? 
a common pomp? 372. Why does not the vmter flow 

359. Give reason. back from the tube ? 

3«x To elevate water to a greater 373. Explain die action of die forc- 

hei^t, what mvst be used? n^ pmnp. 

PAGE 7«.— 374. Why is it fliat, by means of 

361. Give three pomts in which it this pomp, water may be 

diflGers from tiie oommoB raised higher than by Ih^ 

pmnp. other? 

362. Wiat are the principal parts PAm 9^— 

of the liocdng pomp? 375. Give the parts of the Fire* 

363. Where is the piston when the Engine. 

handle is at Its lowest? 376^ Why does it not hsve 

—When at its hi^est ? mon pomps ? 

364. When the piston bat its h^ 377. Explain its actioii. 

est what is the position of p^Q£ g^, 

, J^^"""^^ ^ . , 378. What causes the flow? 

365. When does the kwer valve **' _ .... 

dose?andwhy? 379. What makes tibe flow o 

366. l¥hen is the upper valve €m7 

opened? 380^ Give die ^flerence b e t we en a 

367. Why does it dose? and when? Heron's ftnmtain and an air> 
f6S. Are bodi vahres ever open at chamber? 

-^^4^^ same time? 38«. ™i<f «^«t^^^^ 

369. W^ bettorma^um? 

3^ When the piston rises, why 382. How long will either ctf tte 

does whk» valve open? two "nm'7 

LESSON XXHL— SOUND. 

PAGES 85 AlfD 119.— PAGES 86 AND 120-- 

383. What causes somid ? 389. Do we hear all sound-waves? 

384. What is sound? 390. Give vdodty of sound. 

385. What makes us hear the crack 391. What causes the noise when 

of a whip? E*P^ *^ *^*"*^ (Text) 

386. Would we hear it if there were 392. When wood is brekai ? 

no air ? 393* When a whip is cradced? 

387. Show that sound is the effect . 

ofavfMi/iit^motion. 394. Why do we not hear the alarm 

PAGES 86 AND 120. — of a dock in an exhausted 

^ What are sound-vraves? receiver (in a vacuum) ? 
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395. Why is music heard mOre dis* patting the ear on tha 

tincdy when near than at a ground? 

great distance ? 399, Vfhy do deaf persons not hear? 

396. Why do some bodies give a 40a Why are the bells of a nekfh- 

louder sound than others ? boring place heard ringing 

(Because they have a different at times, and not at other 

degree of dastidty.) times? 

397. Why is the az of a wood-chop- 401. Why is it so quiet on the 

par, at a distance, seen to mountains? 

mil before the blow is heard? 402. Why need we not speak so 
39S. Why may distant cannon- loud on a calm lake as on 

thunder, be hdBurd better by land ? 

LESSON XXIV.— EVAPORATION, FOG, CLOUDS^ RAIN, 

SNOW, HAIL» &C., Ac. 

PAOB 88.— PAGB pa— 

403. Define evaporate. 421. When is aqueous vapor con- 

404. When does evaporation take densed? 

place? 422. What is meant by condemet 

4^. V^ chmge does it cffijct? p^Gj ^,._ 

406. Why IS the breath visible m ^- ^^^y^ |, ^|^^ 

^^^^^^. ^-^^^^.^ 

408. men is it visible? 4^5. Why none sometimes, al- 
___ , . , ^ though the sky is serene? 

409. What name has It then? 426. What £ frost? 

410. Under what circumstances ^y. why do we not have frost in 

does It become visible higher summer ? 

up in the atmosphere? ^ why does it rain in moun- 

411. WHat name has it then? tauious countries more than 

412. Why do clouds stay in die on low land? 

air? 429. Has the direction of the water« 

413. Why do soap-bubbles? sheds anything to do with 

414. Why is it that the higher up the quantity of rain? 

the clouds, the greater the 430. When does it rain more, in 
rain-drops ? daytime or at night ? 

415. What is rain? 43,. Give your reasons. 

PAGE 90. — 432. Why does it not rain every 

416. What is snow? cold night? 

417. What is haa (probably)? 433. Is snow useful? Why? 

418. Whence the drops on the out- .-. xjpon what does the soKd 

side of a tumbler witii cold ^^ |tate of water, its liquid 
water, m summer? gt^te and its gaseous state 

419. Why do iron safes "sweat *7 depend? 

420. Whence the moisture on a 435- Will it do to compare the at- 

window-pane when a person mosphere to a boiler ? 

breathes against it? 436. Give your reasons. 
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LESSON XXV.— HEAT— CONDUCTION OF HEAT. 

PACK 92. — PAGE 94. — 

437. Whence the sparks which we 455. When a wire and a piece of 

see when flint and steel are paper that have been lying 

struck together ? on a heated stove, are tonch- 

438. When a horse is galloping? ^ the wire feels the warm- 

439. What effect is produced by 456. mydKstomhertweU? 

rubbing a copper coin on ^^ »•"/ wvr«wuawT^iic»i, wcut 

the floor? v 457* Why may ice be kept as weU 
44a Why does not a match ignite in a feather bed as in an ice- 
by being rubbed a^iinst chest? 
glass? 45^* Why do mittens keep the 

441. Why does it ignite on a brick ? ^fi/eJT?^ *^^ ^^°^^ 

442. Why has he his hands blis- 459. wTy doe"s^ron "feel cold" in 

tered who lets hunself down wmter and "warm"in sum. 

alone a rope? mer? 

443. Why does a saw fed warm ^g. •«, ^ t. ^ j 

after use? ^^ ^^^ "^ steam-chests and 

PAGE 03 steam-cylinders often cover- 

444. Hoir is heat produced? ^ ^^ ^^>«1? 

445. What may motion be con- 46l. Whv are Ije walk of saf<^ 
^ verted into? (Were you to ^ often filled with fine ashes ? 

ask " Into what may motion 4^ Why do wide garments keep 
be converted?" the pupU us warmer than tight ones ? 
would be inclined to answer 4^3* Why are frame houses warm- 
merely a word or two.) er than stone ones ? 
44jS. Why do the hands get warm page 95.—^ 

on holding ihem to a heated 464. Whence the use of good con- 

stove ? ductors of heat ? 

447. What sensation b felt on keep- ^^ why are metalUc vessels used 

mg the end of a wire m a for boiling water and other 

flame? Why? liquids? 

448. What is conduction of heat? ^5^ Whence the use of bad con- 

449. Why is it that that wire (Ques- ductors of heat? 

tion 447) may be held longer, 467. Give their eflect upon warm 

if the end in the hand is en- and cold bodies ? 

veloped in paper? 468. How should a tumbler be 

PAGB04.— heated? Why? 

450. Why have teiq>ots and solder- s==: 

ing-irons usuallv wooden 469. Why is less heat given out by 

handles? JTeact) a stove when its inner sur- 

451. What dass of bodies are good fanot is covered with soot? ' 

conductors of heat? 47a What advantage in a long 

453. What is a good conductor of stove pipe? 

heat? 471. Why is a glowing coal rapidly 

453. What is a non-conductor (or extinguished u placed on 

bad conductor) of heat? iron? 

454. Mention six non-conductors 472. Why do double windows keep 

of heat? tlie room warm? 
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473. Whjr does odd wmd chili us 473^ Give reason for your state- 

all through? ment? 

474. Why does frmt ripen qu«Jcer ^yg, y^^y does drawing the cur- 

aranst a dtfk wair than ^ms down make a room 

when isolated? warmer? 

475. What advantage in air being ^^ ..-, ,^^^ ._. .. 

*^^ abadconduSor? ^ 47^ Why do«snim prot«* th« 

476. Does fimning ns make ihe air ground ftomfrcczmg? 

around us oool? ** 

LESSON XXVL--DRAUGHT. 

FAGSOfi.— PAGE 97.— 

480. Why win paper str^ held 490. What is dranght ? 

over a heated store^ move 491. What is the cause of draoglit? 

upward? 49a. Why is a lamp extinguished 

481. Why will they rise if let go? if the drau^ is stopped 

482. What is the universal effect oi below ? 

heat upon bodies ? 493, Why, if its chimney is closed 

483. Why does heated air rise? above? 

484. Explain the revolving of a 494. Compare this with Expedmenl 

spiral paper owing to heat a6^ p. ^ 

485. Piore that the air is warmer 495. Show that heated air rises, and 

near the oeiUng. that colder flows toward tiie 

486. Why do baUoons, smoke 9nd source of heat 

steam rise? (Text) 596. What is the cause of winds 

PAGE 97.— mm I ■ 

487. When is a flame, held in the 497. How long does wind last? 

upper opening of a room, 498. What is ventilation ? 

blown from the room ? 499. Is it sufficient for tke venfila* 

488. How about a flame held in the tion of a room to simply 

lower opening ? admit fresh air ? 

489. CHve reasons fixr your state* 500. Prove your statement by a 

ments. previous ex^riment 

LESSON XXVU.— EXPANSION BY HEAT-THERMOMETEIL 

FAOK 99.— TAGE 100. — . 

501. Why does boiling water often 508. Give tbe law of expansion and 

run over ? contr^bction of bodies. 

502. Why does a cold tumbler crack 509, Give die parts of the fber- 

if placed on a heated surfieux? mometer. 

5P3. How may the craddng be 510. Why the vacuum? 

prevented ? 511. Why could not the ^ass tube 

SCH-W^^isAeeffectofheatHpoa 5,^ ci^^SS' h^'^L ^«m? 

^^^ xKTu n f J , «nd what will be the eflfecT 

505. Why are rails placed on the ^pon the mercury? 

track with space between? 5,3. why does the mercury ex* 
sod. How are tires placed oa pmd from heat ? 

wheds? 514. why does the mercury rise? 

507. Why does pop-comply? Why does it fell? 
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PA6B lOl PAGE 100.— 

C15. How are thermometers made? 518. Why are the plates of metaffie 

510. How are the freezing and rdofingnot nailed together? 

baling points obtained? 519. When, and why, will hot water 

517. What advantage in dividing crack a cold tumbler? 

the space between those two 5aa What advantage in thermom- 

points into degrees? eters? 

LESSON XXVIII.— THERMOMETER COMPARED WITH 

BAROMETER. 

PAGB IDS.—* PAGE I03.— - 

eai. HowistheWood-heatpointof 534- What is the healthi^t tern. 

the thermometer obtained? perature of a room? 

522. How is it marked? S35. where should thermometers 

03. How did Fahrenheit «vWe ^ „^P^**^v 1 *w ^ 

^^ the space between the freez. 53^. If m New Jork&e mercmry 

ing aSdboiling points? *^, ^' .^ ^~^ J* 

524. wSre did he 1^/ wmmencc? ^^o'^/T^^^*^*'"'*^ 

52s. Where did he commence? Ho^fn B^liS(i(.<>)? (1^) 

PAGE 103.— ejj. According to those scales, 

526. How did Reaumur divide that •'*' y^^^ numbers would indi- 

space? eate ttie blood-keafc pdnt? 

527. How, Celsius? (Text) 

528. What are the equivalents o£ 539. Indicate the point of healthiest 

Sb^ R? temperature in C and R. 

529. What of 50® C? degrees. (Text) 

530. What of 77« F? '^^ ■?^"7 . ^ - , . .. ^ 
. . run, * f iio T?> 540. Give four pomts which Hbm 

531. What of 32<> F? 54 thcrmom^and barometer 

532. What of 17 7-9^ C? have in common. 

533. What of 40<> R? 541. Give four points they differ in. 

LESSON XXIX.-.ATMOSPHERIC STEAM-ENGINE. 

*AGE 105.— PAGE 105.— 

542. How is a sewing-machine 551. What to sink? 

made to work? _^ ^ p^oE 108.— 




^^'h^cdSJ^'"'^''"'' 554: Compare it with Papin's. 

PAGX 106.— 555- Give Newoomen's improve- 
547. Mention five dBE Hndsof work nients on Papm s apparatus. 

done by the steam-engine. page m. — 

PAGE 107.— 556. Explain Newcomen's atmos- 
54S. Describe Paphi's apparatus. pheric steam-engine. 

549. Describe the experiment with 557- What causes the piston in it 

the same. to rise? Explam. 

55a What causes the piston to 558. What causes it to smk? fix- 

rise? plam- 
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PAGE III.— PAOB III.— 

559. State the pruKipal pomts of 562. Compare Saver3r'8 apparatus 

Papin't engine. (Text) with Newcomen's engine. 

56a Of Sayery's. (TextO 5^ Compare Papin's with New- 
561. Of Newcomen's. (Text) oomen's. 

LESSON XXX.— STEAM-ENGINE. 

PAGB 112. — PAGB II4. — 

564. Who was Watt? 575*1^ henceforth the steam 

565. Whence his fiuniliartty with merely serve to produce a 

the defects of Newcomen's ^ vacuum? 

en^e? 57^. Why was Newcompi's ma- 

566. What was its principal defect? cW*»e a single -actiife engine? 

567. What was the cause of this 577. Why was it used only for 



b*n« *«^ 57^ What constitutes a double- 
^ J^~ *«^*>^ steam-engine ? 

568. How great a loss was caused page 115. — 

thereby? ^jg. When did Watt die? 

569. What question arose? 580. Whatis meant by steamoflow 
57a What was Watt's first im pressure? of high pressure? 

provement ? 581. VfhsX are high and low press- 

571. Explain. nre engines? 

572. What did Watt's next im- 582. What is the use of the sliding 

provement consist in ? valve ? 

573. What defect did it overcome? page 116. — 

574. What caused now the piston 583. Explain action of hi^-press- 

to rise and sink ? ' ure engine. 

LESSON XXXIL— LIGHT— rrs SOURCES— DIRECTION. 

PAGE 122. — PAGE I23. — 

iff Si^H"^'''^***^?/i°^^^^*^ 589. When, only, are bodies no* 

^^ h^l ^'^^^^^ouM ^^ self.iummo\is, visible? 

586. What is a self-luminous body? 590. Show that light annates firom 

(One which makes its own self-lummous bodies m al£ 

Ught) directions. 

PAGE 123.— 

587. Are the planets self-luminous? V/^~; , _ , . _. ^^ 
^Are they luminous ? 591- Show that it travels m straight 

588. What, then, is the difierence ^«s- 

between /uminaus wad se//' 592. Why have opera-glasses 
luminous f straight tubes ? 

LESSON XXXIII.-RADIANT AND SPECULAR REFLECTION. 

PAGE 125.— PAGE 126.— 

593. What makes our rooms light .97. what is radiant reflection of 

m the daytime? ^^' ir«iif? 

594. How do aU objects reflect « ^ , ^ v ^ 

light ? 598. Show that there are objects 

595. Whatenablesustoseeapendl? ^^'^h reflect Kght also in 

596. A looking-glass ? certain dtrectums. 
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PAGX 126.— PAGX 127. — 

CQQ. What is this kind of reflection 601. Compare light reflected radi- 

called? antly wim light reflected 

PAGE 127.— specularly by 

60a Whiat dass of objects reflect (a.) Giving four pdnts in com* 

light, both, radiantly and mon. 

specularly ? (^. ) Three points of difiference. 

LESSON XXXIV.— VISIBLE DIRECTION— REFRACTION. 

PAGE 128.— PAGE 129.— 

602. Whither does a person hit 606. Why do oars, when immersed 

with a stone, look? obliquely, appear bent? 

603. Show that a boy looking at a page 15a— 

steeple does somet'ngsunil'r. 607. Why does the eye see the oar 

page 129. — ^^*f 

604. On page 128 the two linages 608. When is a coin on the bot- 

have opposite directions ; torn of a filled tumbler not 

why does the person, nerer- seen in its true place and 

Uiefess, see the object in direction? 

only one direction ? page xji. — 

605. Give general statement of the 609. W^y do dear waters appear 

case. (All bodies appear to more shallow than they are? 

be situated &c., &c) 6ia What is refiraction of light? 

LESSON XXXV.— PRISMS-LENSES. 

PAcat 132.— i»AGE 134.— 

611. Show the passage of rays (of 617. What is the Focus ? 

an arrow) through a prism 6i8. Why the term Buming-g^ ? 

PAGE m -^"^ ""^ ^'9. What effect has sudi a kn. 

612. W& the edge downward. "P^"^ <>^i««^ ^ 

613. What is a prum ? 62a Is your answer true mevery 

614. Show the path of rays of an sense of the word? 

arrow through two prisms pxGS 135. — 

with their bases adjacent (as g^i. Give the general statement 

„?* PfS* '33): ^ , true of such a lens. 

616. W&X two names are gjven to 623. Upon what, then, is its use 

this? based? 

LESSON XXXVI.— COLOR. 

PAGE 136.— PAGE 136. — 

624. mat is dispersion of lig^t? 628. What is the whole lericf of 

625. How can it be shown ? colors called ? 
620. What effect has it upon white PAGE I37-— 

light ? 629. How can you prove that ordi- 

627. Give the principal colors of nary sunlight contains these 

the rainbow. colors ? 
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9AGS 137.— PAOB 139.— 

^30. Iscolorftsubstaiiee? 636. When black? 

FA6S 138.^ 637. What causes a piece <d red 

631. Whv does white fftn ]oek doth to appear red ? (Text.) 

wnite? ^38. What, a sheet of paper to at>- 

^Whj does bine g^ look pear white? (Text) 

bliie? 639. A black coat to appear Uack? 

633. Why do objects near a blue (l*^^) 

cnrtain hare a blneish tinge? 64/X Why is everytfaing_black on 

PAGE 1 39.— a dark night ? (Text ) 

6$^ When is a body said to be 641. Is color a quality inhoent m 

cdored ? bodies ? 

^5. When white ? 642. Is it a property of a body ? 

LESSON XXXVIL— CHfiMlCAL ELECTRICITY. 

PAOS 141.—- PAOB 141.-^ 

643, What constitutes a galvanic 648. l^ence the thrilling sensatkm 

eleantnty or cell? if the current passes tbrough 

644. What is a galvamc battery? the tongue? 

Si-Sr"'^!:^"^'*^^ fij^'iMii;; the .ctio. rf «ch • 

€46. Why must the cup used be galvanic oelL 

ttnglMed? 65a How U chemkal or ©dvanic 

(The two hqmds pass each electricity produced? 

other throurfi its pores. ) 651. Whence the name gahfanicf 

647. Why must the wire ends be 652. Explain the uninterrupted cur- 

entirely dean I rent of electridty 

(The dactrfc current does not 653. Is the lengi of die wires of 

leq)over.) importance? 

LESSON XXXVin.— THE ELECTRO-MAGNETIC TELE. 

GRAPH. 

PAGB 144.— PAOB 147.— 

654. What IS next to the steam- 661. What eflfect has the mtemip- 

cngme the wonder of our tion of the current upon the 

age, and why? rod? 

•^^S^c^^Sf ««. What i. «. EUctro-Magn* 

iron? 663. What is the keeper ? 

656. Who put up the first tdegr'rfi? ,,„, ,^0 
PAGB 145.— ^^°" ^^ 

657. Who perfected the telegraph? ^ What are the prindples of the 

658. How may the prindple of dectric tdegraphr 

Morse's tdegraph be illus- 665. Describe the apparatus by 

^^^"f which they may be demon* 

PAGB 146.^ strated, 

^^'-'^.^c^"*^""" ea-CompareAeMagnetwiththe 

«a Describethe path of the elec- , Electro-Magnet, giving 

trie current of the cell, when («.) Five points m oommoa. 

passing around the rod. (p.) Three points of difierenoe. 
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L— RE1CAKK& 

mjKSSOK ili»^"To pttMMwc nmr mtffutbtnkf Tb/t poles oi flusciicts 
dioflid mmtoutl J be kept in oootict wim iron. 

LissoN IV. — Bor-milpluir, or a scrfid iJass rod, is often pr efe i fed to 
tihmp'dtunatf. TThesmfMes to be dectrified should be dby and dean. 

Lesson V. — Maj be nsed as a rea^Kni; lesson, or as one in wlddi Ukt 
nnfinished part of anj ptenoQs lesson GUI be bron^ iqK 

LcssoN VIL— Time is pdned if the bnllets are flattened widi a 
hammer; then scrape one ot the flattened snrCioes of each wiUi a knife; 
press tiie two siir£au:es together by a few strokes of a hammer. 

The s^ass plates, and tubes, must be free from grease. 

The pores of a body may be compared to the open ends of capillary 
tobes; the oqiiDary tu)es may be conqMured to ^^ass tabes of irery fino 
bor 

LsssoN IX. — Instead of an ivory baD, whkh is espensire, a larfa 
mari^ gives die same resnlL The loond spot may be shown also oa 
tiieshb. 

Lbsson X.— a piece of In&-nibber tnbine axovnd the tube of the 
finnftd win do as wol as sealing-wax, or any otner cement Any kM 
oftidie, about 3iC indi in diameter and about 3 feet kmg^ may serve as a 
blow-pipe.* 

Lbsson XL-^A tnmblpr with a brim curved outward is best* 

Lbsson XVL— A square wooden beam about so indies long for • 
lever, widi die sharp ed!ge of a ruler, paper knife or knife-bbde as a 
frdcrnm. The fiilcnim must be^fimdy fixed. 

Lbsson XVIIL— The bees-wax must be put on very diin, or dse 
the water cannot force its way through. Draw Fig. 17 on the board* 
The small triangular valve, when lowored, is just large enough to dose 
the rif^ hand side of the short horizontal tube. 

Lbssons XX AND XXL — Draw the Fig. on the board. 

Lbsson XXV.^Copper being a better cood nct o r than iron, copper 
wire is preferable. 

Lbssons XXiX and XXX.»Draw the Fig. on the board. 

Lesson XXXV— Expkrimknt 65. — ^Draw an arrow on die board, 
l^aoe the prism in proper position, and suffidend^ devated for eadi 
sdiolar to see the arrow trough the prism. As this requires but a few 
seconds, it may be found convenient to let the dass slowly file past the 
prism* 
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II.— GLASS AND CORK WORKING. 

The fc^owing is taken nearly literally from Vernon Haroourt's excel- 
lent work, ** Exercises in Practical Chemistry, Clarendon Press, 
Oxford:" 

I. To Cut a Glass Tubs.— Take g^s tnbine about ^-inch external 
diameter (" hard g^ass " is preferable). For a Hero's fountain (Lesson 
X, Experiment 27, and also m>ntispiece), it should reach from within half 
an incn of the bottom of the flask to alx>ut eight inches abore the cork. 
As mercantile tubing is much longer, a piece of that length should be 
cut o£ To do this, lav the tube on a table, hold it between the thumb 
and forefinger <tf the left hand, placed dose to where it is to be cut. 
Take a triangular file, press your left thumb and forefinger firmly against 
the tube, put the edge of the file upon the tube so as to touch and lean 
i^ainst Uie thumb, which will thus prevent the file firom slipfmig over 
& glass, and make a notch on tne glass by a few short, enereetic 
strokes in a forward direction. While in the act of cutting, do not Dear 
down too heavilv with the left hand; rather have your left thumb vield 
a little as the file passes forward, so that the tube may turn a little in 
the dvection of the advancing file. To guard against iniury, in case the 
tube should yield, put on a ^ove. Now take up the tube, holding it so 
tfiat die thumb-naiU are opposite to each other, with the notdi between 
them, and that you tightly press the tube (where the notch is) with 
thumb-nail and forefinger of each hand, and with a resolute grasp break 
tiie tube (moving your hands in a direction frvm you) as you would 
break a stick. The edges of the new end will be sharp and rugged; to 
prevent their tearingr the cork, pass the file lightly over them; uen hold 
uiem a few seconds m the tip of an alcohol (or eas) flame. 

For a Hero's fountain like the one in the frontispieoe — a more con- 
venient form than that in Lesson X — ^you should have a bent g^s tube. 

3. To Bend a Glass Tubs.— If the external diameter of the tube 
does not exceed half an inch, a common gas flame is very suitable; but 
if the sas is not at hand, a spirit lamp with a large flame may be used. 
li^ tne gas, or spirit lamp; then holding the piece of tube by its ex- 
tremities, bring it a little above the flame, turning it constantly around 
and moving it laterally so as to heat about two inches of it equally on 
both sides. After a few seconds lower it gradually into the flame, still 
constantly turning it round. 

If the gas burner be used, the glass will become covered with soot 
when immersed in the flame; but this is of no consequence, as (he heat 
of such a burner is never high enough to incorporate the carbon with 
the gjiass. When the heated portion becomes soft and yielding, which 
will take place even before it nas acquired a visible red neat, withdraw 
it firom the flame, and gently bend it to a right ang^, avoiding the use 
oi much force. When the proper bend is completed, lay the tube on a 
bit of glass in such a position that the heated portion does not come into 
contact with any cold surfeoe, and leave it to cool slowly. 

3. To Makb a Glass Jbt.— Take the strakrht tube, previously ob- 
tamed; heat the tube two indies fcom one of its ends by holding it to 
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the extent of half an inch in the upper part of a flame. The thumb and 
forefinger of each hand should hold tne glass about an inch from the 
heated part The heated part will soon become soft and a little narrower. 
Then withdraw it from the flame, and draw the heated part out by pul- 
ling the two ends of the glass apart But pull very gently or else the 
tuTC will be drawn out too thm; the jet should have about ^-inch 
external diameter. Gently place tiie whole on the table before you and 
allow it to cool; then make a fine notch at the middle of the drawn-out 
pa:rt, and break the tube there. The long part is the jet for a Hero's 
rountain. If the aperture is too wide, hoQ it for a second or two in Uie 
flame. 

4. To Pbrforatk a Cork.— It now remains to fit these tabes— die 
bent tube and the jet — to the bottle by means of a cork having two holes* 
Take a good, sound cork, about an inch in diameter, squeeze it until it 
becomes soft and elastic (a pair of pliers or nut-crackers will serve the 
purpose of a regular cork-squeezer), then take it up between the second 
finger and the mumb of the left hand, and place tne sharpened end of 
tiie snudlest cork-borer against it, one end ot the cork midway between 
the center and the edge. Urge die cork-borer into the cork with a twist- 
ing motion, as if you were using a cork screw. Some care will be re- 
quired to make the hole straight through the cork, so that it may be 
truly oentraL Of the proper direction ue eye will be the best judge. 
Ana when the cork-borer nas penetrated some little way, it will be advit* 
able to turn the cork a quarter round in order that it may be seen 
whether the axis of the cork-borer and of the cork are still in the same 
straight line. If not, a slight pressure on the cork-borer in one dire^ 
tion or the other will set it straight When the borer has penetrated 
quite through the cork, it majr be withdrawn with a twitching motion, 
and will brmg with it a cylindrical plug of cork, leaving a hole, the sides 
of which should be smoothed with a round file. In me same manner 
make the other hole midway between the center and the circumference. 
Take a cork-borer rather smaller than the tubing which you have; see 
that the holes do not run into each other, or pierce the side of the cork. 
The holes should next be smoothed and shghdy enlarged by a rat-tail 
file, until the end of one of the tubes will just enter them when some 
Uttle pressure is used. (If much pressure is used, the tube is not un« 
likely to break, and the splinters of glass may cause injury. The hole 
should never be so much smaller than the tube as to make it necessary 
to use much force in passing the latter through it It is a good plan, 
also, to wrap the tube m a doth or handkerchief while it is being inserted 
in the cork. ) Now pass the longer of the two tubes through the cork, 
with moderate pressure and a twbting motion, until it projects so fiur as 
to reach, when the cork is fitted into its place, nearly to the bottom of 
the bottle. When this is done pass the other tube through the other 
hde in the cork, until it projects one or two indies on the other side. 
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